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1 Introduction 
Genetically engineered crops meet many current and future challenges of modern agri-
cultural needs (Lundgren et al. 2009). In 2008 genetically modified (GM) plants were 
grown on 125 million hectares worldwide (James 2009). The most important traits of 
GM plants are insect resistance and herbicide tolerance. Insect resistant varieties have 
been cultivated in many agricultural regions of the world since 1996 (Romeis et al. 
2008). These GM crops express insecticidal proteins derived from Bacillus thuringien-
sis (Bt), that exhibit a highly specific toxicity to the targeted pests. The engineered 
plants have delivered the possibility to reduce the application of insecticides and to 
improve the effectiveness of the agricultural input (Carrière et al. 2003). Besides these 
benefits of growing insect resistant GM crops, their cultivation does also imply different 
potential risks, e.g. the development of resistances of the pests to the Bt proteins or 
potential harm to nontarget organisms.       
   
To control the pest Diabrotica virgifera virgifera (Western corn rootworm; Coleoptera: 
Chrysomelidae) GM maize varieties were developed that express the Bt protein 
Cry3Bb1. The Diabrotica species are the most destructive insect pests of maize in 
North America (Kuhar et al. 1997). The Western corn rootworm (WCR) was introduced 
to Europe in the nineties of the last century on the Balkan region. Since then the pest 
has spread to the North and to the West across Europe.   
 
With the cultivation of a GM maize expressing the coleopteran specific Cry3Bb1 also 
undesirable adverse effect on beneficial arthropods might be expected, especially for 
species related to the pest. And Diabrotica virgifera virgifera belongs to the same insect 
family like the ground beetles (Coleoptera: Carabidae) which stand in the focus of this 
study. Carabid beetles are widespread, ground dwelling arthropods. As predators of 
several pests in crops they are known as beneficial to the functionality of the agricul-
tural landscape (Ahmad et al. 2006, Ferry et al. 2006). Carabids as appropriate bioindi-
cators have been used as test organisms to evaluate potential risks of pesticides for 
many years (Volkmar et al. 2002, Heimbach and Baloch 1994). Ground beetles are 
polyphagous arthropods that may be exposed to the Bt protein produced by a GM 
plant. A direct exposure could occur, if the carabid beetles ingested Cry3Bb1 with parts 
of the plant, e.g. through the consumption of leaves or pollen lying on the soil surface. 
The Cry3Bb1 could also be taken up indirectly through the trophic chain by ingesting 
prey that previously fed on the Bt maize (Lundgren and Wiedenmann 2005). 
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Before the commercial release of a new GM maize variety in Europe the potential risks 
associated with cultivation, import, processing and use need to be determined (Euro-
pean Commission 2001: Directive 2001/18/EC). The environmental risk assessment 
(ERA) can be conducted in a tiered approach (see Chapter 2.4). This stepwise ERA 
initially covers bio-assays in the laboratory and than expands the experiments to semi 
field conditions and if necessary to tests at field size. This study started initially as a 
higher tier field trial. In contrast to tiering as a tool to reduce the burden of huge data 
generation in regulatory decision making, this study followed a ‘top-down’ approach: 
Inventory data on all ground beetles were collected on field ecosystem level since there 
has been a lack of confirmatory information on the potential impact of cultivating Bt 
maize on the European carabid community - only one field study with a GM maize ex-
pressing a lepidopteran specific Bt protein has been published so far (Toschki et al. 
2007). In this respect the results may guide the design of future post-market environ-
mental monitoring (PMEM) of GM plants in the EU, following the requirements outlined 
in Directive 2001/18/EC.      
 
However, during the three-year field experiment and subsequent data analysis addi-
tional scientific questions arose. The experiments in the following years were adapted 
for clarification. The originally planed field trial is described in chapter 3. Follow up ex-
periments are described in chapters 4-6.   
 
The scientific questions addressed in this thesis are: 
 
Chapter 3: 
- Is there a detectable effect of growing Bt maize event MON88017 expressing 
the Cry3Bb1 on carabid beetles in the field? 
Chapter 4: 
- To what extend are carabid beetles exposed to the Cry protein? 
Chapter 5: 
- How do the carabids move inside the field at the study site?  
Chapter 6: 
- What are potential paths of exposure? What happens to the Bt protein along the 
trophic chain? 
- Is there any acute toxic effect of high doses of Cry3Bb1 offered to carabids? 
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The project was part of a consortium funded by the German Federal Ministry of Educa-
tion and Research (BMBF) entitled “Freisetzungsbegleitende Sicherheitsforschung 
transgener Maissorten mit neuen Bt-Genen”.  
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2 General background 
2.1 Ecology and biology of maize and its role in agriculture 
2.1.1 Botanical characteristics and systematics of Zea mays 
Zea mays is a monocotyledonous C4 plant with annual upgrowth. Modern maize varie-
ties, such as those bred for biogas production, are able to reach heights of 4 m and 
more (Fig. 2-1).  Internodes part the stem into sections up to 30 cm length. Stems and 
roots of maize contain a nutritious core, on which different pests like larvae of Ostrinia 
nubilalis, Diabrotica virgifera virgifera or Helicoverpa zea feed. The leaves of maize 
grow at the nodes like broad flags (50–100 centimetres long and 5–10 centimetres 
wide). Maize is a monoecious plant: Up to three female inflorescences rise below these 
leaves, close to the middle of the stem. The receptive parts of the female flowers are 
called silk. The top of the stem (apex) bears the tassel, the male inflorescence produc-
ing pollen. The pollination of the silk by wind induces the development of the corn cob. 
This fruit, as typical for grasses, has the pericarp of the kernels fused with the testa. 
The grains reach the size of peas and sit in regular rows around the core of the cob. An 
ear consists of 200 to 400 kernels and measures from 10–30 cm in length. (Iowa State 
University 2008) 
  
In Germany anthesis occurs from July to August depending on weather conditions and 
maize variety. Maturation of male and femal inflorescences is shifted temporally, with 
pollen shed occurring a few days before the flowering of the silk. 
  
Systematics of Zea mays: 
 
Kingdom:  Plantae 
Division:  Magnoliophyta 
Class:   Liliopsida 
Order:   Poales 
Family:  Poaceae 
Genus:  Zea 
Species:  Z. mays  
     
 
Fig. 2-1: Maize grown for usage in bio-
gas power plants. (www.asta.etat.lu) 
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Fig. 2-2: Illustration comparing the teosinte fruit (left) and the 
maize cob (right). (Source: Hugh Iltis/Resimao.org) 
2.1.2 Domestication of Maize 
Maize has been grown by mankind for about 7000 years. In the beginning, the indige-
nous people of Central America domesticated the annual weed teosinte (Euchlaena 
mexicana Schrad), the wild relative of Zea mays. Phylogenetic analys is shows the 
spreading of this early maize from the region of today’s Mexico over America (Matsu-
oka et al., 2002).    
When Christopher Columbus 
brought the maize to Spain 
at the beginning of the 15th 
century,  over 6000 years 
selective breeding had 
considerably improved the 
yield output. The maize cob 
had become about 500 times 
bulkier than the teosinte fruit, 
like Fig. 2-2 illustrates 
(Jaenicke-Despres et al. 
2003). To carry the enlarged 
fruit the stem had analog-
ously become more stable and axillary organs were repressed (Doebley et al. 1997). 
Fedoroff (2003) argues that only small genetic changes in the wild relative of maize 
and carefully selection produced this “Prehistoric GM Corn”. 
 
The next enhancement followed at the beginning of the 20th century with the develop-
ment of hybrid breeding (Pfeiffer 2003). In this process, the scientific knowledge about 
of “Mendelian genetics” was applied to plant breeding. The combination of different 
positive qualities of two homozygous parents results in one superior hybrid offspring 
line. The basis of the better performance of the hybrid is the “heterosis effect”, which is 
still not well understood. The hybrid maize could be adapted to adverse climatic condi-
tions and was successfully adopted in America and all over the world, including Central 
Europe. Today, maize is the most grown crop with a production of 774.1 Mio metric 
tons the most grown crop (Toepfer International 2007). Maize became the most impor-
tant crop used as staple food and for animal feeding with 37.1 percent of worldwide 
grain production. 
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Since the beginning of maize cultivation in Germany, the area of cultivation has raised 
enormously (Fig. 2-3). 2,087,100 ha maize were cultivated in 2008. Of this area 75.4 % 
were used for the cultivation of maize for silage. On the remaining 520,500 ha grain 
maize was grown. In recent years there was a strong shift from cultivating grain maize 
towards cultivating maize for silage. The demand comes from agricultural biogas plants 
that are becoming more important for the generation of electricity and thermal heat. 
This requires increased hectareage of silage maize cultivation (Maiskomitee 2009).  
 
Fig. 2-3: Area under cultivation of maize in Germany from 1960 to 2000 
(A) and 1998 to 2009 (B) in 1,000 ha. Source: Deutsches Maiskommitee: 
http://www.maiskomitee.de/web/public/Fakten.aspx/Statistik/Deutschland
A 
B 
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Over the years the worldwide yield output has also increased. Compared to 1920 the 
yield today is more than four times higher today (www.lg-mais.de). But since 1980 the 
success through cultivation improvements has stagnated, not only with the cultivation 
of maize. Hence, genetic engineering delivers new opportunities for continuing the re-
quired improvements in the productivity of agriculture. The Food and Agriculture Or-
ganisation of the United Nations (FAO) hopes that “developing biotechnology in ways 
that contribute to the sustainable development of agriculture, fisheries and forestry can 
help significantly in meeting the food and livelihood needs of a growing population”  
(FAO 2004).  
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2.1.3 Maize as genetically modified crop 
With the hybrid technique the plant breeders expanded their research and development 
from the field into the lab. During the 20th century they used induced mutations and in 
vitro breeding, e.g.  the cloning of plants, to develop new crops on a large scale outside 
the fields. The next step following scientific progress was to design new plants intro-
ducing DNA with electroporation, micro bombardments or through gene transfer with 
Agrobacterium tumefaciens.  
 
Current genetically modified (GM) maize varieties were engineered with the help of A. 
tumefaciens in most cases. Under natural conditions this bacterium infects dicotyledo-
nous plants transferring its Ti plasmid (Ti = tumour inducing) into plant cells. A positive 
infection results in crown gall disease (Lewin 1991). For genetic engineering the plas-
mid of A. tumefaciens is modified: The tumour inducing genes of the Ti plasmid are 
replaced with the desired DNA. Until now maize was most often transformed with cry 
genes derived from of B. thuringiensis is inserted (Chapter 2.1.4).  
 
With the system of binary vectors a second Ti plasmid with missing T-DNA region but 
intact vir genes (DNA transfer genes) is required for successful insertion of DNA into 
target plant. Both, the transformed plasmid and the “helper” Ti plasmid are transferred 
into A. tumefaciens. The bacterium is co-cultivated with target plant cells and trans-
formed cells are selected. (Hellens and Mullineaux 2000) The transformed cells pro-
duce a new transformed maize plant, which can be used for further conventional breed-
ing. 
 
Today, GM maize is grown in 23 countries worldwide. 24% of the total cultivated maize 
is genetically modified, more than 80 % in the USA, Canada and Argentina. In the 
European Union 8 out of 27 member states grew Bt-maize MON810 (James 2007). In 
2008, because of the French withdrawal, Bt-maize was grown in only 7 countries. In 
Germany approximately 3,173 ha (0,15%) of maize cultivated area were grown with Bt-
maize (BVL 2008 a). However, Germany invoked safeguard clauses to ban MON810 
cultivation in 2009 (Ricroch et al. 2009).    
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Fig. 2-4: 3-D model of Cry3Bb1. 
Red surface symbolizes gut cell mem-
brane of target insects. 
(Source:http://molvis.sdsc.edu/fgij/fg.htm
?mol=http://opm.phar.umich.edu/pdb/1ji6.
pdb) 
2.1.4 Event MON 88017: A herbicide tolerant Bt-maize protected 
against Diabrotica virgifera virgifera 
The stacked maize DKC 5143-Bt (event MON 88017), engineered by Monsanto, ex-
presses a coleopteran specific Bt protein and features herbicide tolerance, also medi-
ated by gene transformation. 
 
The cry genes of Bacillus thuringiensis (Bt) express different delta-endotoxins. During 
sporulation the Gram-positve bacterium produces crystals of these proteins. After 
processing through digestive enzymes in an 
insect’s digestive tract the Bt protein becomes 
active. The Cry protein is then embedded into 
gut cell membranes (Fig. 2-4). The formation 
of pores induces perforation and lysis of the 
gut membrane. The susceptible insect stage,  
normally a larva, stops feeding and dies. Each 
Cry protein is highly specific and only toxic to 
certain groups of insects. The Cry3 proteins 
exhibit a specific activity against coleoptera 
(beetles). The protein used in MON 88017 is 
named Cry3Bb1 according to the 
nomenclature of Crickmore et al. (1998) and is 
expressed in the truncated, already active 
form.  
 
Herbicide tolerance of MON 88017 is conferred by the expression of the cp4 epsps 
gene. The herbicide N-phosphonomethyl-glycine (Glyphosate) inhibits the enzyme 5-
Enol-pyruvylshikimate-3-phosphate synthase (EPSPS). EPSPS is an important en-
zyme involved in the production of aromatic amino acids (Heck et al. 2005). In Agro-
bacterium sp. strain CP4 an EPSPS enzyme was found, which is highly tolerant to Gly-
phosate (Padgette et al., 1995).  
 
Both genes were transferred via plasmid vector PV-ZMIR39, a disarmed, binary A. tu-
mefaciens transformation vector that contains both left and right transfer-DNA border 
sequences to facilitate transformation (Monsanto Company 2003). Details of inserted 
genes are shown in Tab. 2-1. 
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Tab. 2-1: Size and intended function of each constituent fragment of the  
region intended for insertion  (Monsanto Company 2003) 
Sequence Size(Kb)  Source Function 
LB (left border) 0.02 Octopine Ti plasmid
 pTi15955 
Left border sequence 
essential for transfer of 
T-DNA from the octopine 
Ti plasmid, pTi15955   
cp4 epsps gene cassette:     
P-ract1   0.93 Rice actin gene Promoter 
ract1 intron 0.46 Rice actin gene Intron 
CTP2 0.23   Arabidopsis thaliana   DNA sequence coding 
for the N-teminal chloro-
plast transit peptide   
cp4 epsps   1.37 Agrobacterium sp.  
Strain CP4   
DNA sequence coding 
for the 
native CP4 EPSPS pro-
tein 
NOS 3’   0.26   Agrobacterium tume-
faciens 
3’ nontranslated region 
of the nopaline synthase 
(NOS) gene which ter-
minates transcription 
and directs polyadenyla-
tion  
MON 88017 cry3Bb1 gene cassette:   
P-e35S   0.61 Cauliflower mosaic  
virus 
Promoter with the dupli-
cated  enhancer region 
wt CAB leader 0.07 Wheat 5’ untranslated leader of 
the wheat chlorophyll 
a/b-binding protein   
ract1 intron 0.46 Rice actin gene Intron   
 
MON 88017 cry3Bb1   1.96   Bacillus thuringiensis
subsp. kumamotoensis  
DNA sequence coding 
for a synthetic variant of 
Cry3Bb1 protein  
tahsp17 3’   0.23 Wheat heat shock 
protein 
3’ nontranslated region 
of the DNA sequence 
coding for wheat 17.3 
kDa heat-shock protein, 
which ends transcription 
and directs polyadenyla-
tion 
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2.2 Diabrotica virgifera virgifera: A major pest in maize 
The Western corn rootworm (WCR - Diabrotica virgifera virgifera Le Conte) belongs to 
the family of leaf beetles (Chrysomelidae) and originates from North America. The 
adults, 4 to 8 mm of length, are 
characterized by a dark head, yellow 
pronotum and black elytra. Normally 
yellow stripes of different shape cross 
the elytra (Fig. 2-5). In late summer 
female Diabrotica place approximately 
500 eggs in the upper soil layer next to 
a maize plant. After diapause the lar-
vae hatch in June of the following year 
and feed on maize roots.  
 
Diabrotica v. virgifera larvae are attracted by carbon dioxide released by the maize 
roots. The larvae feed initially on roots and rootlets and then invade the roots during 
development (Fig. 2-6). This causes the main damage to the maize plants. The amount 
of water and nutrients taken up by the maize plants is reduced. Major root damage 
makes the plants susceptible to lodging, which complicates harvesting. Both factors 
lead to yield losses. Treatment against Western corn root worm and yield losses com-
bined cost U.S. producers more than $1 billion annually (Krysan and Miller 1986). Ap-
proximately 20 million ha of cultivated maize are infested with WCR worldwide (JKI 
2008).   
 
The larvae pupate in the soil and the adults emerge from July through August. The 
imagines feed on leaves and silk of their host plants (Chiang 1973). They are able to fly 
 
Fig. 2-6: Roots of maize infested with larvae of Diabrotica virgifera virgifera. Red arrows indicate 
the larvae. The photo on the left shows immense feeding damage on the roots of the maize plant. 
The picture on the right illustrates the lodging of a maize plan. 
(Source: Mihaly Czepo / www.biosicherheit.de) 
Fig. 2-5: Adults of Diabrotica virgifera virgifera Le 
Conte. A female is shown on the left side, a male 
on the right. (Source: Jozsef Kiss/www.mkk.szie. 
hu/dep/nvtt/wcrnet/kepek/) 
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long distances and spread up to 100 km a year (Baufeld and Enzian 2001). The lifecy-
cle of this univoltine species is completed with the oviposition by female Diabrotica v. 
virgifera. 
   
The introduction of the Western corn rootworm from North America to Europe was 
most probably by Airplane, as first sightings of WCR were often reported next to air-
ports. The first individuals of WCR in Europe were detected in the area of Belgrade in 
the former Yugoslavia in 1992. Until 2009, WCR had spread from Belgrade up north 
across the Polish border. To the east WCR spread to Romania, Bulgaria and Ukraine. 
In the West Diabrotica v. virgifera entered Slovenia, Austria and the Czech Republic. 
Alternative occurrences of the Western corn rootworm were observed in northern Italy 
and the South of Switzerland. WCR was also found next to airports in England, France, 
Belgium and the Netherlands. Diabrotica individuals also manifested at the German 
Austrian border (Fig. 2-7). The spreading of Diabrotica in Germany proceeded in the 
summer of 2009. The WCR was found in 38 municipalities in Bavaria and Baden-
Fig. 2-7: Distribution of WCR in Europe 2009. Area with active WCR marked in red. Blue spots 
mark positions of former captures, where e.g. because of pest control no WCR was found in 2009. 
(http://eppo.org/QUARANTINE/Diabrotica_virgifera/diabrotica_virgifera.htm#map-dia) 
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Württemberg. (http://www.maiskomitee.de/dmk_download/news_de/Maiswurzelbohrer 
%20Fundorte%202009_071009.pdf). 
 
In the EU, Diabrotica is a quarantine organism. The European Commission defined 
emergency measures to eradicate local populations and to prevent its further spread 
(2003/766/EC, 2006/564/EC and 2008/644/EC). In Germany the Federal Office of 
Consumer Protection and Food Safety (BVL) published several measures, e.g. surveil-
lance of the pest organism, obligation to report pest occurrences, no early harvest of 
maize, discontinuation of maize cultivation for at least two years after reported infesta-
tion, pest control measures and crop rotation on adjacent but not yet affected fields 
(BVL 2008 b). 
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Fig. 2-8: Photograph of a ground beetle species from the
experimental field site: Calathus fuscipes 
2.3 Ground beetles: Widespread epigeal arthropods on arable 
land and important bioindicators  
Ground beetles (Coleoptera: Carabidae) are widespread insects with more than 40,000 
species known worldwide so far (Lövei and Sunderland 1996). At least 2,700 carabid 
species are described in Europe (Wachmann et al. 1995) and many species are asso-
ciated with arable land as 
habitat (Ekschmidt et al. 1997, 
Kromp 1999). Most species 
typically have a slender and 
strongly build body. They are 
able to move quickly on soil 
surfaces with their long legs 
(Fig. 2-8). Under temperate 
climate conditions, like in 
Germany, Carabids normally 
produce only one generation a 
year. They are classified as species with summer larvae, i.e. early breeder, whose 
adults survive the winter, and winter larvae, i.e. late breeder, whose larvae survive the 
winter (Den Boer and Den Boer-Daanje 1990).  
 
The biodiversity of ground beetles in crops depends on a variety of factors. Crop type, 
crop rotation, soil type, soil cultivation (ploughing, fertilization) and the use of pesticides 
among others influence the abundance and composition of ground beetle species in 
field populations (Hance et al 1990, Stinner and House 1990, Holopainen et al. 1995, 
Idinger et al. 1996 and Nijs et al. 1996). The impact of weather can also lead to major 
differences in ground beetle activities between the years. Microclimate conditions in the 
field are also of importance. Small changes in sunshine duration for example affect 
temperature and consequently affect activity abundances of carabids (Honêk 1988, 
1997). 
  
The nutrition of ground beetles is variable. Older publications describe carabids mostly 
as carnivorous (e.g. Allen 1979). But some of those predators are primarily poly-
phagous and often phytophagous (Lövei and Sunderland 1996).  For example, the nu-
trition of Harpalus (Pseudophonus) rufipes is known as predominantly plant based 
(Kromp 1999). 
General background  
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However, several publications show the potential of ground beetles to control various 
pests in different crops. Experiments were conducted in the laboratory, where aphids 
proved to be a proper prey for ground beetles. The guts of field sampled carabids were 
examined and thereby remains of aphids could be found (Vickerman and Sunderland 
1975). Additionally, Lang et al. (1999) manipulated predator densities (Spiders and 
ground beetles) in the field. The inhibitive influence of carabids on the abundance of 
different herbivores could be shown. As polyphagous or nearly phytophagous insects 
carabids also feed on seeds of agriculturally undesirable plants (Lund and Turpin 1977, 
Ohara and Higashi 1987, House 1989). Following these arguments, carabids function 
as biological control agents. This is one reason why these beneficial arthropods are 
worth to protect (Brust and House 1990). Another reason why ground beetles deserve 
protection is their function as prey for farmland birds (Holland and Luff 2000). An envi-
ronmental risk assessment concerning the cultivation of genetically modified plants 
should therefore include the evaluation of carabid beetles. 
 
Ground beetles have been used as bioindicators in many studies (e.g. Cockfield and 
Potter 1985, Clark 1999, Shah et al. 2003). Carabids are sensitive to anthropogenic 
changes and thus candidate organisms to find potential effects of the cultivation of Bt-
maize. Carabid beetles are of special interest when analysing the potential impact of a 
maize variety expressing Cry3Bb1, a coleopteran specific Bt protein protecting the 
maize against Diabrotica virgifera virgifera (cf. Chapter 2.2).  
 
Because of their polyphagous nature, ground beetles might come into contact to the Bt 
protein i) directly, consuming plant material of the Bt-maize; ii) indirectly, over the food 
chain. Through the consumption of insects which have fed on e.g. maize leaves the Bt 
protein could be carried over from herbivores to carnivores. 
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2.4 Environmental risk assessment (ERA) 
Before the commercial release of a new GM maize variety like MON 88017 the poten-
tial risks associated with the cultivation, import, processing and use of this event need 
to be determined. EU Regulation (EC) 1829/2003 for GM food and feed requires that 
GM food and feed are only authorised for placing on the market after a scientific as-
sessment of any risks they might present for human and animal health and, as is the 
case with cultivation, for the environment. The general regulatory criteria for ERA are 
given by Directive 2001/18/EC in the EU (European Commission 2001). However, 
more detailed guidance is provided by the EFSA guidance document on risk assess-
ment of GM plants (EFSA 2006/2008/2009/2010).   
 
The objective of the ERA is on a case-by-case basis to identify and evaluate potential 
adverse effects of the GMO, either direct and indirect, immediate or delayed (including 
cumulative long-term effects), on human health and the environment which the placing 
on the market of GMOs may have. 
 
Problem formulation is the critical first step of the environmental risk assessment 
(ERA). It extracts goals, scope, assessment endpoints and methodology to an explicitly 
stated problem and approach for analysis. Problem formulation is followed by five other 
steps as outlined in Fig. 2-9. 
 
A crucial issue is the definition of risk. Risk can briefly be defined as a function of haz-
ard and exposure. For a risk characterisation the hazard for the environment has to be 
identified and characterised (e.g. dose - response - curve). Equally the likelihood of 
exposure of the environment to the GMO must be assessed (European Commission 
2000). 
 
The environmental risk assessment within the steps 2, 3, and 4 in Figure 2 can be con-
ducted in a tiered manner (Wilkinson et al. 2003, Hill 2005, Romeis et al. 2006). This 
stepwise approach is orientated at the procedure during pesticide approval (Suhre 
2000). The assessment usually starts in the laboratory with acute and chronic toxicity 
tests and then continues – if necessary - in test conducted under greenhouse and 
semi-field conditions. The final step is the growing of the GM plant under most realistic 
conditions in deliberate field releases. EFSA has published recently an overview on the 
ERA debate e.g. about pros and cons of the tiered approach (EFSA 2008).  
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The German Federal Ministry of Education and Research (BMBF) funded a RWTH led 
research consortium to obtain results from industry-independent research that may 
help decision makers to assess the new Bt-maize event under conditions of the maize 
cultivation in Germany. The focus of the consortium was placed on experiments at a 
deliberate field release site, because most lower tier tests were already completed in 
the US (Monsanto 2007).  
 
In this part of the project an environmental risk assessment was conducted analyzing 
the potential effects of growing the Bt-maize MON 88017 on nontarget carabid beetles 
Environmental Risk Assessment (ERA)
Problem formulation:
assessment endpoints – conceptual model - analysis plan
(3) Likelihood of 
exposure
(4) Risk estimation for each identified GMO 
characteristics
Overall Risk Management, including
Post Market Environmental
Monitoring (PMEM)
Fe
ed
ba
ck
(6) Overall risk evaluation and conclusions
RISK CHARACTERIZATION
(5) Application of targeted
risk management strategies
R
isk
com
m
unication
RISK 
ANALYSIS
(2) Consequence of 
exposure
 
Fig. 2-9: Different steps within the environmental risk assessment (ERA) and relationship to Risk 
Communication, Risk Management including Monitoring, and Risk Analysis according to the 
definitions of Regulation (EC) No 178/2002 and Directive 2001/18/EC. The six steps in ERA 
according to Annex II of Directive 2001/18/EC consist of (1) Problem formulation (= identification 
of characteristics which may cause adverse effects), (2) Evaluation of the potential conse-
quences of each adverse effect, if it occurs, (3) Evaluation of the likelihood of the occurrence of 
each identified potential adverse effect, (4) Estimation of the risk posed by each identified char-
acteristic of the GMO(s) (5) Application of management strategies for risks from the deliberate 
release or marketing of GMO(s), (6) Determination of the overall risk of the GMO(s) – Risk char-
acterization. 
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(Chapter 3). Additional experiments were designed for the field and laboratory to obtain 
a deeper understanding of the uptake and transport of the expressed Bt protein in dif-
ferent trophic levels and to develop a standardized test system for carabid beetles, 
which could be used for various other Cry proteins (Chapter 4 to 6).  
 
The future commercial cultivation of a GM plant requires a post-market environmental 
monitoring (PMEM) plan (European Commission 2001). The monitoring should help to 
identify possible effects of large-scale GM plant production on the environment. A pur-
pose of this study is to determine the possibility of using carabid beetles as indicator 
species and to reveal potential difficulties of such an approach. 
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3 Impact of coleopteran specific Bt-maize on ground 
beetles in the field 
3.1 Introduction 
The emphasis of this PhD study was put onto field experiments. Ground beetle popula-
tions were evaluated during the cultivation of Bt-maize in a field trial comparing the 
event MON 88017, its near isoline and two conventional varieties. As an advanced 
stage of a tiered approach (Dutton et al. 2003) field trials have the advantage to ad-
dress potential adverse effects of cultivating Bt-maize in a broader context. Beside di-
rect effects indirect effects may also be recognized. 
3.2 Materials and methods 
3.2.1 Study site 
The field study was located at a farm of the Bavarian State Research Center for Agri-
culture (LfL Freising) in Schwarzenau (Lower Frankonia, Germany) from 2005 to 2007. 
The study site was chosen because of different factors. The area presented a typical 
maize producing region of southern Germany with its heterogeneity of landscape, rela-
tively small field sizes and high diversity of crops. And the region was still Diabrotica 
free. Therefore, influences of microclimatic changes inside the maize plots caused by 
potential damage of the maize plants could be excluded (Eckert et. al 2006).  
 
An additional reason for the choice of the location was the maintenance of the experi-
ment. The infrastructure provided by the Bavarian State Research Center in Schwar-
zenau was essential for a cost-efficient realisation of the study. The experimental field 
with a size of 6 ha was located about 21 km east of Würzburg (GPS Data: N 49°48’47” 
– E 10°12’22”). In 400 m distance to the River Main the field site lay approximately 200 
m above sea level.  
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The Bt-maize hybrid DKC 5134-Bt Event MON 88017 (Monsanto Company), its near 
isoline DKC 5143 (Monsanto Co.) and the two conventional varieties DK 315 (Mon-
santo Co.) and Benicia (Pioneer Hi-Bred International, Inc.) were cultivated in a sys-
tematically randomised plot design with eight replications for each hybrid. The conven-
tional varieties were chosen because of similar agronomic characteristics. In all three 
years the design was identical. This combination of maize hybrids was used in the ex-
periment to show not only (i) potential differences of arthropod abundances between 
Bt-maize and its near-isoline, but also (ii) to classify the differences between single 
non-Bt-maize varieties. Each plot measured approx. 0.13 ha (40.5 m by 31.5 m) with 
42 rows of maize with an interspace of 0.75 m. For better accessibility a driveway of 
4.5 m was left between the plots and the perimeter planting of non-GM maize. The field 
was divided in this manner into 4 rows of 8 plots (Fig. 3-3 and Fig. 3-2). The enclosing 
maize belt of more than 10 m width was cultivated with the early flowering maize vari-
ety Gavott (KWS SAAT AG).  
 
Fig. 3-1: Topographical map which shows the location of the study site. The area of the experi-
mental field is marked red. (Source: http://maps.google.de) 
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The maize was seeded on May 27th in 2005. In the second year (2006) the sowing was 
on May 9th and in 2007 on May 21st. The pesticide (seed coating) formulation Maxim 
XL (Syngenta) was used in all years as seed treatment. Maxim XL has a broad antifun-
gal spectrum and protects the maize against Pythium spp. and Rhizoctonia solania and 
suppresses seedling blackleg. The components with the systemic activity are Fludiox-
inil (25 g/l) and Metalaxyl-M (10g/l). Weeds were controlled in 2005 using a mixture of 
Motivell and Spectrum (BASF, 0.8 l/ha each) and Artett (BASF, 2 l/ha). In 2006 and 
2007 a mixture of Gardo Gold (Syngenta, 3 l/ha) and Callisto (Syngenta, 0.8 l/ha) was 
applied during the early leaf stadium.       
  
For an exact interpretation of the results presented later some topographical and pe-
dological information are needed. The field site showed an altitude decline from north 
to south with a depression in plots A4 to D4. The depression is observable in the aerial 
view of (Fig. 3-2), as some regions of the field are not entirely green. The maize grew 
slower in these plots and also in the plot D8 because of too humid soil due to waterlog-
ging. The pedological information was provided by our project partner Dr. Frank 
Gessler (IBT Göttingen). The soil consisted of an average of 56% sand, 35% silt and 
9% clay. The values varied between the plots (Sand: 47.05% to 68.23%, silt: 25.6% to 
44.0% and clay: 7.1% to 11.31). The pH ranged from 5.1 to 5.9 with an average of 5.5. 
 
Fig. 3-2: Aerial view of the experimental field site. Plots A1 and D8 are labeled. The 
black arrow shows north.  
Plot D8 Plot A1 
N 
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  A  B  C  D   
           
1  DKC 5143  Benicia  DK 315  MON 88017   
2            
3             
4             
5             
6             
7             
8             
  Driveway (4.5 m)       
  Enclosing maize (> 10 m)       
Fig. 3-3: Experimental design of the field study. The plots with the Bt-maize hybrid DKC 5134-
Bt Event MON 88017 are marked in red, the near isogenic line DKC 5143 in white. The plots of 
Benicia are coloured blue and the plots of DK 315 in green. The distances are not true to scale. 
 
Of use for later analyses are also some meteorological data (Chapter 3.3), which were 
obtained from a weather station next to the field site: Agrarmeteorologisches Messnetz 
Bayern - Wetterdatenabruf. Wetterstation Nr. 39, Schwarzenau, Regierungsbezirk: 
Unterfranken, Landkreis: Kitzingen, Gemeinde: Schwarzach a. Main. 
(http://www.lfl.bayern.de/agm/start.php) 
31.5 m
40.5 m 
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3.2.2 Sampling 
Pitfall traps were used to capture ground beetles (Fig. 3-4). A glass container was filled 
with 100 ml ethylene glycol as preservative and was sunken into a plastic tube. Deter-
gent was added to the pre-
servative to reduce the surface 
tension. A lid protected the 
construction against precipita-
tion. One pitfall trap was placed 
in the centre of each plot with a 
distance of approx. 15.75 m 
and 20.25 m to the plot bor-
ders. In 2005 the pitfall traps 
were set up 5 weeks after sow-
ing on July 4th. 11 samplings 
were conducted in weekly 
rhythm until the harvest on 
September 26th. In 2006 sam-
pling was started before the sowing of maize. The pitfall traps were set up during the 
last week of March to get additional information of the carabid fauna in spring and early 
summer. The sampling was ended before harvesting on September 20th. In the last 
year of the field experiment the sampling began again before the sowing at the begin-
ning of April. The pitfall traps were removed and the sampling stopped in the last week 
of August in order to allow the “mark release recapture” experiments described in 
Chapter 5. 
 
Pitfall trapping is the most commonly used sampling method for carabids in agricultural 
ecosystems (Kromp 1999, Holland 2002). The quantity of captured ground beetles de-
pends not only on their abundance, however, but also on the activity of individuals of 
the different species. Activity and abundance of the ground beetles are highly associ-
ated (Baars 1979). Therefore the measure activity abundance describes only a relative 
density.  
 
All ground beetles were determined to species level with reference to Müller-Motzfeld 
(2004). The nomenclature is orientated at Köhler and Klausnitzer (1998). Only adult 
specimens were considered.  
 
Fig. 3-4: The parts of a pitfall trap used for capturing: A 
plastic tube, 20 cm high and 9.5 cm diameter, already 
buried in soil, a glass container with rubber collar and a 
plastic lid as protection against rainfall.  
Impact of coleopteran specific Bt-maize on ground beetles in the field 
 
24 
 
3.2.3 Data analysis 
The open source programme RGUI (Version 2.8.0) was used for statistical data analysis. 
The project partner Frank Schaarschmidt programmed different packages for RGUI, for 
our demands. Generalized linear models (GLM), the multcomp and mvtnorm packages 
were used for the evaluation of possible covariables and analysis of correlation. Exem-
plarily the analysis of the carabid activity abundances and the soil parameters of the 
year 2005 are attached within the appendix.  
 
For further statistical analysis the activity abundances of the carabids in the different 
maize varieties were compared directly, under the assumption of a Gaussian distribu-
tion, using a two-tailed Welch’s t test. Therefore unequal variances were no problem. 
The level of significance was defined with α < 0.05 (5 %).  
 
A power analysis was conducted for all calculated t tests. Although a power analysis 
should be done a priori, i.e. before the start of any experiment, its results deliver the 
opportunity to understand the validity of the presented t tests (Perry 2009). The power 
analysis was performed with the software by Lenth (2006-2009). Different standard 
deviations (sigma) of the tested carabid populations had to be adjusted to sigma’ for 
each analysis using the formula:  
   
2
)²()²(' bsigmaasigmasigma         
Possible differences of carabid beetles between the different maize lines may occur on 
the community level. The Shannon Index (Hs) and the Evenness (E) are useful tools for 
analysing species richness and diversity of the captured carabid beetles (Helenius et 
al. 2001). The Shannon Index takes the abundance and species number into account. 
The formulae were used as follows:  
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3.3 Results 
2005: 
In the first year of the field experiment 3,660 individual carabid beetles were captured by 
pitfall traps from July to September. 33 different species were determined. The most 
dominant carabid beetle was Calathus fuscipes with 1,941 individuals (53%, compare Fig. 
3-5 and Tab. 3-1). 
 
The carabid species Pseudophonus rufipes (421 individuals), Calathus ambiguus (339 
ind.) and Pterostichus melanarius (314 ind.) together represented 30% of all sampled 
carabids. The remaining 645 ground beetles were distributed on further 29 different spe-
cies (17%). The species captured ranged from ~2.6 mm (Syntomus foveatus) to ~40 mm 
(Carabus coriaceus) in size. The four dominant species were sized in the range from 8 to 
about 17 mm.   
 
During the growing season of maize most carabid beetles (731 ind.) were captured in the 
period from September 1st to 7th (Fig. 3-6). This is strongly influenced by the peak of C. 
fuscipes (549 ind./wk) and C. ambiguus (50 ind./wk). The high ground beetle activity 
abundances in July and August consisted mainly of captures of P. rufipes, P. melanarius, 
B. lampros and P. dorsalis. The capturing at July 27th resulted in fewer individuals of P. 
rufipes (71 ind./wk), P. melanarius (45 ind./wk) and B. lampros (10 ind./wk) compared to 
the samplings immediately prior to and after this date. Only the activity abundance of P. 
dorsalis (33 ind./wk) reached its highest peak on this sampling date.   
 
12%
9%
9%
4%
3%
53%
3%1%1%2%
3%
Calathus fuscipes
Pseudophonus rufipes
Calathus ambiguus
Pterostichus melanarius
Bembidion lampros
Platynus dorsalis
Calathus melanocephalus
Trechus quadristriatus
Bembidion quadrimaculatum
Poecilus cupreus
Rest
Fig. 3-5: Distribution of the ten most abundant carabid species in the year 2005  
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Fig. 3-6 also presents some weather data from during the field season. The daily average 
temperature outreached 20°C at five occasions. In the middle and at the end of July, at 
August 19th and at the beginning and middle of September temperatures rose above 
20°C. The highest temperature peak with 26.2°C was reached on July, 28th. The lowest 
temperatures (<15°C) were monitored during the growing season at the beginning of July, 
from August 7th to 14th and on August 27th. After September 16th temperatures stayed be-
neath 15°C. In the last week of July a notable drop of 7 degrees with a subsequent in-
crease of 12 degrees occurred. Considerable precipitation (more than 15 mm a day) was 
measured on two days. Due to the descending field the rainfall resulted in little creeks 
from north-west to south-east throughout the field. 
 
Tab. 3-1: Totalized activity abundances of carabids in 2005 
   
Carabid species: Act. abund. Carabid species: Act. abund. 
Calathus fuscipes 1,941 Amara similata 4 
Pseudophonus rufipes 421 Carabus coriaceus 4 
Calathus ambiguus 339 Pterostichus macer 3 
Pterostichus melanarius 314 Agonum moestum 2 
Bembidion lampros 146 Agonum muelleri 2 
Platynus dorsalis 
(Syn.: Anchomenus dorsalis) 
113 Nebria brevicollis 2 
Calathus melanocephalus 104 Amara familiaris 1 
Trechus quadristriatus 79 Amara municipal 1 
Bembidion quadrimaculatum 50 Harpalus hornestus 1 
Poecilus cupreus 38 Harpalus seripes 1 
Harpalus aeneus 37 Masoreus wetterhalli 1 
Loricera pilicornis 22 Ophonus rufibarbis  1 
Calathus erratus 7 Platynus obscurus 1 
Harpalus smaragdinus 7 Pterostichus melas 1 
Microlestes minutulus 6 Syntomus foveatus 1 
Bembidion obtusum 5 Zabrus tenebrioides 1 
Amara ovata 4 Sum 3,660 
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Fig. 3-6: Chronological sequence of ground temperature at 20 cm (daily avg.) [3-7 A], rainfall 
(daily sum) and activity abundances (weekly sum) in 2005 [3-7 B and C]. Shown are the activity 
abundances of the 6 most dominant carabid species and the summed activity abundances of all 
species.  
A 
C 
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The activity abundances of the carabids in the different plots summed up over the 11 
sampling dates showed a heterogeneous distribution (Fig. 3-7). The northern plots (A1 to 
D4) presented lower mean activity abundances (87.4) than the plots in the south (A5 to 
D8) with a mean activity abundance of 141.4 (p=0.044). The plots in the middle of the field 
revealed only insignificant lower mean values compared to the outer plots (113.6 against 
114.9, t test, p=0.963). The maximum activity abundance was observed in plot B8, where 
384 carabids were captured. In plot C2 the minimum of only 27 individuals was captured.  
 
Fig. 3-8 presents the distribution of the 4 most dominant carabid species in the different 
plots. The species C. fuscipes, C. ambiguus and P. rufipes were captured with a relative 
high abundance in the plots with the numbers 5 to 8. In contrast, ground beetles of the 
species P. melanarius were captured predominantly in the north eastern plots and in plot 
D8. Individuals of C. fuscipes were captured most in plot B8 (262 individuals). The lowest 
abundances of this species were measured in the plots A3 (37 ind.) and D6 (27 ind.). C. 
ambiguus showed the highest activity abundance in plot B6 with 60 captured individuals. 
An area with only a few captures of this species is situated in the north eastern part of the 
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Fig. 3-7: Field overview of summed activity abundances of carabid beetles in single plots (Year 
2005, 11 sampling dates) 
MON 88017 
DKC 5143 
Benicia 
DK 315 
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field site. In the plots D1 to D6 there were only one to four beetles counted per plot. A 
similar result in this area showed P. rufipes. The activity abundances in the plots D1 to D4 
ranged from zero to four. P. melanarius exhibited highest activity abundance in the plot C4 
(28 ind.). Its activity abundances were at a similar level in the plots D1 to D4 (22 to 27 
ind.) and in the plot D8 (26 ind.). 
 
 
Fig. 3-8: Field overview of summed activity abundances of selected carabid beetle species in sin-
gle plots (Year 2005, 11 sampling dates) [3-9 A to D].  
 
B: P. rufipesA: C. fuscipes 
C: C. ambiguus D: P. melanarius
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The means of the activity abundances of the ground beetles in the four different maize 
varieties ranged from 93.75 in DKC 5143, 101.0 in MON 88017 and 128.63 in Benicia to 
134.13 in DK 315 (Fig. 3-9). The values in DKC 5143 and MON 88017 were lower than in 
Benicia and DK315. However, the means of the sums of all carabid species captured in 
each of the eight plots over the sampling period showed no significant differences. 
  
A comparison of the mean activity abundances of the four most dominant species is 
shown in Fig. 3-10. The mean activity abundances of C. fuscipes vary from 44.63 (DKC 
5143), over 51.25 (MON 88017) and 73.25 (Benicia) to 73.5 (DK315). The analysis of the 
data showed no significant differences between the maize varieties. P. rufipes had the 
highest mean activity abundance in the maize variety DKC 5143 (15.63). The variety DK 
315 offers the lowest value (9.13). The values of MON 88017 and Benicia are on a similar 
level (13.88 and 14.00). The differences are not significant. C. ambiguus showed the 
highest mean activity abundance in the plots of Benicia (15.13). In DK 315 the value was 
slightly lower (12.25) and in MON 88017 and DKC 5143 the mean activity abundances 
had values of 8 and 7. P. melanarius was mostly captured in the plots with DK 315 
(12.75). The maize varieties MON 88017 (8.38) and DKC 5143 (8.00) had similar mean 
activity abundances. In Benicia an average of 10.13 P. melanarius species was captured.       
 
0
20
40
60
80
100
120
140
160
180
DKC 5143 MON 88017 Benicia DK 315
M
ea
n 
nu
m
be
r o
f c
ar
ab
id
s 
/ v
ar
ie
ty
 
Fig. 3-9: Mean (± SEM) captures of ground beetles 2005. 11 sampling dates are summed up 
(8 replicates/variety). Same letter above bars indicates no significant difference ( = 0.05). 
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Fig. 3-10: Mean (± SEM) captures of selected ground beetles 2005 [3-11 A to D]. 11 sampling 
dates are summed up (8 replicates / variety). Same letter above bars indicates no significant differ-
ence ( = 0.05). 
A: C. fuscipes B: P. rufipes
C: C. ambiguus D: P. melanarius
    DKC 5143          MON 88017           Benicia DK 315 
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The Shannon-Index (Hs) was used to compare the biodiversity of the Carabids in the four 
different maize varieties (Tab. 3-2). The diversity in DKC 5143, MON 88017 and DK 315 
was similar. Only the Hs value in Benicia tended to be slightly lower. However, there was 
no significant difference between the diversities of the ground beetle communities in the 
four different maize varieties (t test). The Eveness (E) is a measure for the equal distribu-
tion of the species. E was highest in the MON 88017 plots, so the species distribution was 
most equal there compared to the other three maize varieties. The lowest Eveness was 
computed for the carabid species inside the Benicia plots. Again, no significant differences 
of the Eveness between the four maize varieties were found (t test). 
 
Tab. 3-2: Shannon-Index (Hs) and Eveness (E) of carabid species in different varieties (n=8) in 
2005. SE describes the standard error (n=8). 
 
 
 
 
 
 
 Hs SE E SE 
DKC 5134 1,62  0,10 0,68  0,03 
MON 88017 1,63  0,10 0,70  0,05 
Benicia 1,52  0,11 0,64  0,05 
DK 315 1,61  0,10 0,66  0,04 
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2006: 
8575 ground beetles were captured and determined in 2006 from March to September. 
The Carabids were distributed over 63 species. The most abundant Carabid species was 
Calathus fuscipes with 3884 individuals (45%, Fig. 3-11 and Tab. 3-3). The ground beetle 
species Calathus ambiguus (1732 ind.), Poecilus cupreus (509 ind.), Platynus dorsalis 
(445 ind.) and Pseudophonus rufipes (403 ind.) accounted for an additional 31% of all 
individuals. The less frequent remaining 58 species accounted for 19% of all captured 
Carabids (Fig. 3-11).          
 
The sampling period in 2006 was extended from the early spring. The all-dominant spe-
cies at the end of March, but only with low activity abundances, were Bembidion obtusum 
(13 ind./wk) and Bembidion lampros (5 ind./wk). During the following weeks additionally 
mainly different Harpalus species appeared within the captures. In the beginning of May a 
total of 23 species could be determined. Poecilus cupreus (35 ind./wk), Bembidion 
quadrimaculatum (19 ind./wk) and Platynus dorsalis (17 ind./wk) were captured preva-
lently (Fig. 3-13). Caused by the rising abundances of these two species a first peak of 
high activity abundances could be observed in mid May. In the second week of June 
Poecilus cupreus could be captured (76 ind./wk) most frequently, compared to other spe-
cies and compared to its own abundances over the whole sampling period. In July 
Platynus dorsalis (up to 96 ind./wk) became the most abundant ground beetle. Pseudo-
phonus rufipes counts behaved antagonistically to the Platynus species in its chronologi-
cal sequence of occurrence (Fig. 3-13). A first rise in the activity abundance of P. rufipes 
in mid July occurred in parallel to a slight decrease of P. dorsalis, and P. rufipes reached 
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Fig. 3-11: Distribution of the ten most abundant carabid species in the year 2006 in percent 
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its highest peak (77 ind./wk) directly after the climax of P. dorsalis in the middle of August. 
At the same time Calathus fuscipes became the Carabid with the highest activity abun-
dance. In the last week of August the abundance of C. fuscipes reached its maximum 
(860 ind./wk). The activity abundance of Calathus ambiguus developed in parallel, but on 
a lower level (520 ind./wk).  
 
Fig. 3-13 shows that the temperature at the field site rose above 13°C at the end of March 
and fell below 4°C again with the beginning of April. The values then rose continually with 
a maximum of 14°C on April 24th, but the next days’ cooling down resulted in tempera-
tures below 6°C. In May the temperature reached values above 18°C. At the beginning of 
June the values again fell below 9°C. In the course of June and July more than 25°C were 
reached on 5 dates. During the last week of July the temperature fell below 18°C for 5 
days. After a short time the temperatures fell below 13°C in the second week of August. 
Until the last sample on September 20th the values again lay above 20°C on 4 days. No-
table daily rainfall (> 15 mm) occurred only on two days during the recorded period. On 
May 26th 20 mm precipitation was measured and on August 28th 19.8 mm precipitation 
was recorded. 
 
 
Fig. 3-12: Photograph of the most abundant carabid beetle on the 
study site in 2005 and 2006: Calathus fuscipes - Source: Ground 
Beetles of Ireland www.habitas.org.uk/groundbeetles, image © Roy 
Anderson 
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Fig. 3-13: Chronological sequence of ground temperature at 20 cm (daily avg.)[3-14 A], rainfall 
(daily sum) and activity abundances (weekly sum) in 2006 [3-14 B+C]]. Shown are the activity 
abundances of the 7 most dominant carabid species and the summed activity abundances of all 
species. 
A 
B 
C 
Impact of coleopteran specific Bt-maize on ground beetles in the field 
 
36 
 
Tab. 3-3: Totalized activity abundances of ground beetles captured in 2006 
 
Carabid species Act. abund. Carabid species Act. abund. 
Calathus fuscipes 3,884 Harpalus frölichi 4 
Calathus ambiguus 1,732 Metophonus punctatulus 4 
Poecilus cupreus 509 Metophonus puncticeps 4 
Platynus dorsalis 
(Syn.: Anchomenus dorsalis) 
445 Pterositchus macer 4 
Pseudoophonus rufipes 403 Agonum muelleri 3 
Bembidion quadrimaculatum 250 Brachinus crepitans 3 
Pterostichus melanarius 249 Nebria brevicollis 3 
Harpalus aeneus 233 Olistophus rotundatus 3 
Bembidion lampros 211 Panagaeus bipustulatus 3 
Harpalus distinguendes 170 Zabrus tenebrioides 3 
Calathus melanocephalus 66 Badister bipustulatus 2 
Trechus quadristriatus 64 Carabus coriaceus 2 
Bembidion obtusum 38 Harpalus rufitarsis 2 
Amara aenea 37 Platynus obscurus 2 
Pterostichus longicollis 32 Pterostichus melas 2 
Syntomus foveatus 23 Amara ovata 1 
Microlestes minutulus 22 Badister meridionalis 1 
Harpalus seripes 21 Bembidion femoratum 1 
Brachinus explodens 19 Bembidion guttula 1 
Calathus erratus 14 Bradycellus 1 
Semiophonus signaticornis 12 Harpalus melancholicus 1 
Amara similata 9 Harpalus rubripes 1 
Harpalus anxius 8 Metophonus rupicola 1 
Harpalus honestus 8 Metophonus zigzag 1 
Notiophilus pusillus 8 Notiophilus biguttatus 1 
Ophonus diffinis 8 Oodes gracilis 1 
Poecilus versicolor 8 Oodes helopioides 1 
Amara familiaris 7 Poecilus lepidus 1 
Synuchus vivalis 7 Stomis pumicatus 1 
Acupalpus meridianus 6 Syntomus obscurogut-
tatus 
1 
Harpalus smaragdinus 6 Syntomus truncatellus 1 
Loricera pilicornis 6 Sum 8,575 
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Fig. 3-14 demonstrates the heterogeneous distribution of the totalized activity abundances 
of the ground beetles in the different plots. The maximum activity abundance was ob-
served in plot B8 (617 ind.). In plot C2 only 104 individuals were captured. The mean ac-
tivity abundances of all outer plots (282.5) tended to be higher than of the inner plots 
(243.8), but the difference is not significant (p=0.319). The northern part (A1 to D4) of the 
field revealed lower mean activity abundances (225.1) than the southern part (A5 to D8) 
with a mean activity abundance of 310.8 (p=0.0213).  
The comparison of the activity abundances of the six most dominant carabid beetles in the 
different plots is presented in Fig. 3-15. C. fuscipes and C. ambiguus show similar distri-
bution patterns. They were captured predominantly in the southern part of the field with 
their maxima in the plot B8 (358 C. fuscipes and 176 C. ambiguus individuals). Inside the 
plots with the numbers 2 and 3, in the rows B to D their activity abundances were rela-
tively low (minima of 28 C. fuscipes and 7 C. ambiguus individuals). P. rufipes occurred 
inside 3 plots with higher activity abundances. The values were higher than the mean in 
A6 (46 ind.), B2 (41 ind.) and C3 (46 ind.). Especially the plots with the number 1 showed 
only low activity abundances with zero to three indivuals/plot and year. P. melanarius was 
most dominant in the north eastern part of the study site and in the plot D8. The activity 
abundances in the south western part were very low (0 – 4 individuals/plot). The carabid 
P. cupreus was very common in only two plots. In the plot B2 its numbers reached a 
1
2
3
4
5
6
7
8
A
B
C
D
0
200
400
600
800
Ac
tiv
ity
 a
bu
nd
an
ce
Numbers
Rows
Fig. 3-14: Field overview of summed activity abundances of all carabid beetle species in single 
plots (Year 2006, 22 sampling dates) 
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maximum of 151 individuals and in B3 124 individuals were captured. P. dorsalis was cap-
tured with a high abundance only in plot D2 (78 ind.). The activity abundance was higher 
in the eastern part of the field (mean of 19.30). In the western part the mean activity 
abundance had a value of 8.5. However, the difference was not significant (p=0.0544).    
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Fig. 3-15: Field overview of summed activity abundances of selected carabid beetle species in 
single plots (Year 2006, 22 sampling dates) [3-16 A-F] 
A: C. fuscipes B: P. rufipes 
D: P. melanariusC: C. ambiguus 
F: P. dorsalis E: P. cupreus 
N 
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The mean numbers of carabids captured in each maize variety during the 22 samples in 
2006 showed no significant differences (Fig. 3-16). For the maize variety DKC 5143 a 
mean of 232.0 carabids was calculated. All other three maize varieties tended to have an 
only slightly higher mean. The transgenic MON 88017 had a mean of 276.5, the variety 
Benicia a mean of 284.0 and for the maize variety DK 315 a mean of 279.3 was calcu-
lated.  
The detailed presentation of the mean activity abundances displays differing results for 
single carabid species (Fig. 3-17). C. fuscipes had the highest mean activity abundance in 
the maize variety MON 88017 (139.00). The values of the other three maize varieties 
tended to be at a lower level (DKC 5143: 109.75, Benicia: 118.63, DK 315: 118.13). The 
mean activity abundance of C. ambiguus was highest in the Benicia plots (66.88). The 
mean was 56.88 in MON 88017, in DK 315 a value of 53.25 and in DKC 5143 the lowest 
mean activity abundance with 39.50 was found. The strongest variances between the 
maize varieties showed P. cupreus. In the DK 315 plots it reached a mean activity abun-
dance of 32.25. In DKC 5143 (4.00) and MON 88017 (6.13) the values were at a lower 
level. The mean activity abundance of the 8 Benicia plots reached 21.25. However the 
differences were not significant. The activity abundances of P. rufipes were less diverse.  
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Fig. 3-16: Mean (± SEM) captures of ground beetles 2006. 22 sampling dates are summed up 
(8 replicates / variety). Same letter above bars indicates no significant difference ( = 0.05).  
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Fig. 3-17: Mean (± SEM) captures of different carabid species in 2006 [3-18 A-F]. 22 sampling 
dates are summed up (8 replicates / variety). Same letter above bars indicates no significant differ-
ence ( = 0.05). 
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In DKC 5143 (14.25) and MON 88017 (14.63) the mean values were similar, and there 
was no statistically significant difference observed. The mean activity abundances in Be-
nicia (12.25) and DK 315 (9.25) tended to be slightly lower. P. melanarius species were 
mostly captured in plots with DK 315 (10.50), followed by MON 88017 (7.88), Benicia 
(6.50) and DKC 5143 (6.25). However, statistical analysis revealed no significant differ-
ences in the mean activity abundances of any single carabid species between the differ-
ent maize varieties. 
 
The maize variety Benicia tended to feature the maximum diversity of the carabid species 
with an Hs of 1.80, while for MON 88017 the relatively lowest Shannon-Index (1.73) was 
calculated (Tab. 3-4). The Hs of the varieties DKC 5143 (1.76) and DK 315 (1.77) lay in 
between the previous values of the two other maize varieties. Again, the statistical analy-
sis showed no significant differences. The Eveness was very similar with values from 0.59 
to 0.6 and no significant differences were found.   
 
Tab. 3-4: Shannon-Index (Hs) and Eveness (E) of carabid species in different varieties (n=8) in 
2006. SE describes the standard error (n=8). 
 
 
 
 
 
 
 
 
 
 Hs SE E SE 
DKC 5134 1.76  0.14 0.61  0.05 
MON 88017 1.73  0.15 0.61  0.05 
Benicia 1.80  0.11 0.61  0.04 
DK 315 1.77  0.10 0.59  0.03 
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2007: 
3,717 ground beetles were captured in the year 2007 from April to the end of August. 43 
species were determined. The most dominant species in the third year turned out to be 
Harpalus distinguendus with 950 sampled individuals and 25% of all ground beetles (Fig. 
3-18 and Tab. 3-5). Calathus fuscipes represented the second most dominant species 
with 22% (862 ind.). The species Platynus dorsalis, Amara aenea, Amara similata, Ca-
lathus ambiguus, Brachinus explodens and Harpalus aeneus accounted for 37.8% of all 
carabids (1,404 ind.). The remaining 501 individuals were distributed over 35 species.   
The sampling period in 2007 lasted from the 3rd of April to the 22nd of August. The domi-
nant species during spring was Harpalus distinguendus, which was the most captured 
carabid from April to mid-June with a maximum of 245 captures a week in the middle of 
April (Fig. 3-19 B). The other “spring carabids” occurred simultaneously with high abun-
dances, but showed their highest peak at the middle of May. 29 ind./wk of Amara aenea 
were collected in mid-April and an average of 42.0 ind./wek in mid-May. Amara similata 
reached a maximum of 38.9 catches a week in mid-May. Brachinus explodens achieved 
two peaks of high abundance: In the middle of April the weekly catch rate was 27 indi-
viduals and in mid-May an average of 35.4 ind./wk were caught. In the middle of June the 
Calathus species fuscipes (13.1 ind./wk) and ambiguus (8.4 ind./wk) became most abun-
dant. They reached their maxima (278.6 and 49.5 ind./wk) at the last sampling date on 
August, the 22nd. Because of the limited period of captures in 2007 their expected abso-
lute maxima at the beginning of September were not recorded (compare 2005 and 2006). 
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Fig. 3-18: Distribution of the ten most abundant carabid species in the year 2007 in percent  
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In July the ground beetle community was dominated by Platynus dorsalis with a maximum 
of 123.2 ind./wk in the second half of July. 
The weather data in 2007 revealed an early peak of high temperature with 17.8°C on April 
the 14th (Fig. 3-19 A). 5 days later the value declined to 8.4°C. The temperature rose 
again on April, 25th up to 16.2°C. During the continuing sampling period the temperature 
rose over 22°C on 5 dates until the end of August (25.05., 08.06, 20.06., 16.07.and 
16.08.) with the highest peak on July, 16th (24.2°C). There were recorded 4 considerable 
temperature drops at the middle and the end of May, on June, 23rd and at the end of July. 
Stronger rainfall with more than 20mm/day occurred on 4 days with combined tempera-
ture drops: May, 29th; June, 26th ; August, 9th.         
 
Tab. 3-5: Totalized activity abundances of carabids in 2007 
Carabid species Act. abund. Carabid species Act. abund. 
Harpalus distinguendus 950 Acupalpus meridianus 7 
Calathus fuscipes 862 Calathus erratus 6 
Platynus dorsalis 638 Harpalus anxius 6 
Amara aenea 177 Calathus melanocephalus 5 
Amara similata 168 Notiophilus aquaticus 5 
Calathus ambiguus 142 Syntomus truncatellus 4 
Brachinus explodens 140 Synuchus vivalis 4 
Harpalus aeneus 139 Harpalus honestus 3 
Pterostichus melanarius 58 Trechus quadristriatus 3 
Brachinus crepitans 56 Pterositchus macer 2 
Microlestes minutulus 53 Amara familiaris 1 
Poecilus cupreus 45 Amara lucida 1 
Pseudoophonus rufipes 45 Amara lunicollis 1 
Amara ovata 41 Badister bullatus 1 
Bembidion lampros 31 Cicindela silvicola 1 
Bembidion quadrimaculatum 24 Europhilus micans 1 
Loricera pilicornis 19 Harpalus flavicornis 1 
Syntomus foveatus 18 Harpalus vernalis 1 
Harpalus smaragdinus 16 Nebria brevicollis 1 
Metophonus puncticeps 15 Notiophilus biguttatus 1 
Harpalus serripes 14 Ophonus diffinis 1 
Harpalus tardus  Sum 3,717 
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Fig. 3-19: Chronological sequence of ground temperature at 20 cm (daily avg.) [3-20 A], rainfall (daily 
sum) and activity abundances (weekly sum) in 2007 [3-20 B+C]. Shown are the activity abundances of 
the 7 most dominant carabid species and the summed activity abundances of all species. 
C 
A 
B 
Impact of coleopteran specific Bt-maize on ground beetles in the field 
 
46 
 
In 2007 the distribution of the ground beetles in the field was strongly influenced by the 
high abundance of the spring breeders (compare Fig. 3-19 C and Fig. 3-21) and therefore 
the activity abundances were higher in the northern part of the field in 2007 (p=0.0027). 
Statistical analysis resulted in no significant differences between outer (118.26 ind.) and 
inner plots (113.25 ind., p=0.732).  The maximum of 207 carabids captured was recorded 
for plot D3, while the lowest activity abundance was measured in plot B7 (53 ind.).  
The variable distribution of different carabid species is illustrated in Fig. 3-21. While the 
summer/autumn breeders Calathus fuscipes and Calathus ambiguus were more dominant 
in the southern plots, the spring breeders were predominantly caught in the northern part 
of the field site. In contrast Platynus dorsalis was found distributed more regularly over all 
plots. The abundance of C. fuscipes ranged from 4 in plot C2 to 115 in plot C8. H. distin-
guendus was captured most frequently in the plots C3 and A4 (60 ind.) and only 6 times in 
plot D8. P. dorsalis showed a minimum of 2 individual beetles in plot B7 and could be 
found with a maximum of 52 individuals in plot D1. C. ambiguus was most abundant in 
plot A6 and could not be captured in the plots A4, A5, D4 and D5.  
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Fig. 3-20: Field overview of summed activity abundances of all carabid beetle species in single 
plots (Year 2007, 10 sampling dates) 
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Fig. 3-21: Field overview of summed activity abundances of selected carabid beetle species in 
single plots (Year 2007, 10 sampling dates from April to August) [3-22 A–F]  
 
A: C. fuscipes B: C. ambiguus 
C: H. distinguendus D: A. similata 
E: P. dorsalis F: A. aenea 
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The activity abundance of A. similata was highest in plot C4 (21 ind.) and lowest in 10 
plots of the southern part of the field, where no individuals of the species could be cap-
tured. No individuals of A. aenae were captured in 10 plots of the southern part of the field 
site, either. Their maximum abundance was recorded for plot A3 (19 ind.).  
 
The comparison of the means of the activity abundances revealed no significant differ-
ences between the four different maize varieties (Fig. 3-22). The mean values of captured 
carabids ranged from 102.875 in DK 315, 115.25 in DKC 5143 and 117.38 in MON 88017 
to 129.125 in Benicia.  
 
Detailed information about the averaged activity abundances of the 6 most frequent 
ground beetle species in the four different maize varieties are presented in Fig. 3-23. The 
mean values of Calathus fuscipes were highest in Benicia (30.5 ind.), followed by MON 
88017 (28.9 ind.) and DKC 5143 (24.9 ind.). With a mean of 23.5 captures the activity 
abundance was lowest in the variety DK 315. H. distinguendus showed lower mean activ-
ity abundance in DK 315 (26.13 ind.) compared to the mean values of the other varieties, 
which lay above 30 individuals per maize variety. The species Platynus dorsalis was rep-
resented most often in DKC 5143 (24.13 ind.). In Mon 88017 (20.13 ind.) and Benica 
(20.25 ind.) the mean abundances were on a similar level, while in DK 315 the mean 
value was lower (15.25 ind.). Calathus ambiguus was most abundant in Benicia (6.38 
ind.). In the other three maize varieties the activity abundances were on a lower level DKC 
5143: 4.13 ind., MON 88017: 3.63 ind., DK 315: 3.63 ind.). 
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Fig. 3-22: Mean (± SEM) captures of ground beetles 2007. 10 sampling dates are summed up 
(8 replicates/variety). Same letter above bars indicates no significant difference ( = 0.05). 
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Fig. 3-23: Mean (± SEM) captures of different carabid species in 2007. 10 sampling dates are 
summed up (8 replicates / variety) [3-24 A-F]. Same letter above bars indicates no significant differ-
ence ( = 0.05). 
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Amara similata was captured more frequently in Benicia (6.38 ind.) and DKC 5143  
(6.0 ind.) compared to MON 88017 (4.5 ind.) and DK 315 (4.13 ind.). Amara aenea was 
collected in Benicia with the highest mean number of individuals (6.75). Followed by  
DK 315 (5.63 ind.), MON 88017 (5.13 ind.) and DKC 5143 (4.63 ind.). All differences were 
not significant for any of the analysed species.    
 
The Shannon index revealed the tendency of the maize variety Benicia to possess the 
highest diversity of ground beetle species (Hs = 1.98). The Hs values of the three other 
maize varieties lay on a lower level (DKC 5143: 1.86, MON 88017: 1.84, DK 315: 1.95), 
but the differences were not significant. 
   
Tab. 3-6: Shannon-Index (Hs) and Eveness (E) of carabid species in different varieties   
(n=8) in 2006. SE describes the standard error (n=8). 
 Hs SE E SE 
DKC 5134 1.86 0.11 0.70 0.06 
MON 88017 1.84 0.16 0.69 0.04 
Benicia 1.98 0.11 0.74 0.02 
DK 315 1.95 0.10 0.74 0.02 
All years: 
The comparison of the seven overlapping weeks of all three study years revealed 2006 as 
the year with the highest activity abundance: 2,644 individual ground beetles were cap-
tured. In 2005 during the same weeks from July the 11th to August the 22nd 1,632 carabid 
beetles were caught. In 2007 the activity abundance was on a similar level with 1,658 in-
dividual ground beetles.  
 
The power analysis calculated the effect sizes of the comparisons of the different treat-
ments with t tests (Tab. 2-1). As the effect size depends on the standard deviation a high 
variation inside one or both treatments influences the borders of the effect sizes. The ac-
tivity abundances of the carabids were most even in the third year with effect sizes varying 
from 38.2 to 50.5, which is lower than all the effect sizes of the years 2005 and 2006.  
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Tab. 3-7: Power analysis of different t test pairs. The power was set to 80 % while sigma’ was cal-
culated (Chapter 3.2.3). The analysis refers to the totalized activity abundances of the carabids in 
the different years (Chapter 3.3). 
t test calculation power [%] sigma' effect size 
2005    
DKC 5143 : MON 88017 80 45.2 52.0 
DKC 5143 : Benicia 80 81.0 93.6 
DKC 5143 : DK 315 80 61.4 71.0 
MON 88017 : Benicia 80 86.3 99.8 
MON 88017 : DK 315 80 67.3 77.8 
Benicia : DK 315 80 95.8 110.7 
2006    
DKC 5143 : MON 88017 80 103.1 119.0 
DKC 5143 : Benicia 80 112.0 129.5 
DKC 5143 : DK 315 80 67.5 78.0 
MON 88017 : Benicia 80 136.2 157.5 
MON 88017 : DK 315 80 102.8 118.8 
Benicia : DK 315 80 111.7 129.1 
2007    
DKC 5143 : MON 88017 80 35.7 41.3 
DKC 5143 : Benicia 80 40.8 50.5 
DKC 5143 : DK 315 80 33.0 38.2 
MON 88017 : Benicia 80 43.7 50.5 
MON 88017 : DK 315 80 36.6 42.3 
Benicia : DK 315 80 41.6 48.1 
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3.4 Discussion  
The statistical analysis of the mean activity abundances of the collected carabids showed 
no significant differences between the different maize varieties in all three years. In 2005 
the results revealed a tendency towards a small effect of the different maize varieties on 
the activity abundances. The activities of the carabids collected in the plots with MON 
88017 and its near isogenic line DKC 5143 were lower on average compared to the two 
other maize varieties. But the differences were not significant. The activity abundances of 
the totalized ground beetle species were dependent on the abundance of the most domi-
nant carabid species Calathus fuscipes. In 2005 there was an area in the field with plots 
where only little Calathus species and carabid individuals at all could be captured (Fig. 
3-7). This area with lower activity abundances consisted mainly of plots with MON 88017 
and DKC 5143. Thus the supposed variety effect is reduced to an effect caused by the 
natural heterogeneity of the study site. With assistance of statistical evaluation it was tried 
to reduce those effects. The more even distribution of the carabids on the study site in 
2006 reduced this artefact. Only the mean abundance in DKC 5143 was marginally lower. 
In 2007 the mean activity abundance of the ground beetles was slightly lower in the DK 
315 plots. The difference was not significant. The variance of the mean activity abun-
dances monitored over the 3 years showed the natural variation of carabid communities in 
the agricultural landscape (Leslie et al. 2009, Tonhasca 1993, Thiele 1977).  
 
Also the detailed comparisons of the most abundant species resulted in no significant dif-
ferences between the four maize varieties in all years. Some tendencies towards a variety 
effect were observable, but this differences can be explained with a more detailed view on 
the data. E. g. the abundance of P. cupreus was mainly reduced to two plots in 2006. On 
these plots the maize varieties Benica and DK 315 were grown. So the mean activity 
abundances of these varieties are strongly influenced by the distribution patterns (Fig. 
3-17). Hence, the differences are regarded to be biologically not relevant.   
         
The Shannon Index Hs describes the biodiversity of a distinct community and was used 
as a tool in similar studies (Holopainen 1995, Helenius 2001). The Eveness E pictures the 
equality of the species distribution. The indices displayed no significant differences be-
tween the maize varieties in any year. Hence, not only the total activity abundances in the 
different maize varieties were very similar, but also the carabid beetle community was 
almost identical in all three years.  
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The findings corresponded to those of Ahmad et al. (2005). In their field study no signifi-
cant differences in abundance of surface dwelling arthropods between a Bt corn hybrid 
expressing Cry3Bb1 and its non-Bt near-isogenic hybrid were found. The carabids cap-
tured in their study were only determined to family level and there was no detailed view of 
their results pictured. No information about the ground beetle community was given. It is 
probable, as the study was conducted in the USA, that a complete different ground beetle 
community was evaluated. Another field study in the US (Bhatti et al. 2005) used the Bt-
maize MON 863 and it’s conventional near isoline to evaluate the effect of transgenic corn 
expressing Cry3Bb1 on different ground dwelling arthropods. They also determined the 
carabid beetles just to family level and found no consistent adverse impact on the activity 
abundance of carabid beetles. With the exception of these publications there is still a lack 
of information on the potential impact of the maize variety MON 88017 expressing the Bt 
protein Cry3Bb1 on ground beetles in the field and especially data collected in central 
Europe is fundamental to to confirm in more detail the extrapolation of data collected in 
other continents for their relevance on Europe and thus to guide political decision makers. 
Several studies concentrated on the potential effect of GM maize varieties expressing a 
different Bt protein (Cry1Ab) on nontarget organisms in the field. In none of those studies 
any effect on carabid beetles was found (Daly and Buntin 2005, Toschki et al. 2007).  
  
The activity abundances of the ground beetles revealed differences in the number of total 
individuals and the number of species when comparing the three experimental years. The 
comparison of the overlapping sampling periods (July and August) revealed a 1.6 times 
higher capture rate in 2006 in relation to 2005 (2,644 ind. to 1,632 ind.). In the year 2007 
during these two month 1,658 ground beetles were captured. So the amount of carabid 
beetles counted was similar to 2005.  A total of 33 species were determined in 2005 and 
with 37 species in 2006 the number of carabid species was higher during the sampling 
period from July to September. One possible explanation for this increase in individuals 
and species after the first year of the experiment could be the crop rotation. Winter wheat 
was grown on the field site the year before the beginning of our study, until July 2004. 
Abundances and community patterns of ground beetles differ between different crops. As 
the phenology of the crops varied, the microclimatic condition in the field changed (Hance 
et al. 1990, Carcamo and Spence 1994). So e. g. Calathus fuscipes, the eudominant 
carabid in the captures, begins its adult life stage at the end of August. The carabid spe-
cies C. fuscipes belongs to the autumn-breeders (Paarmann 1970). Winter wheat is nor-
mally already harvested at this time. Probably no or only few individuals of Calathus fusci-
pes lived on this field site in 2004. Hence, the carabids of this species had to migrate into 
the field. This is indicated by first and high occurrences of Calathus fuscipes in the plots 
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with number 8, followed by high captures in the plots with number 7. Because of these 
seasonal disturbances carabid assemblages in agroecosystems are comparable to com-
munities in early successional stages (Tonhasca 1993). Often, only four species represent 
80% of all captured ground beetles (Esau and Peters 1975, Whitford and Showers 1987). 
Because of the Mark-release-recapture experiments, no sampling was conducted during 
September 2007, so this part of the growing season cannot be compared among the 
years. 
 
Carabid beetles, with arable land as part of their habitat, are dependent on field bounda-
ries as living space (Thomas et al. 2002, Wallin 1985, Riedel 1991). That delivers a sec-
ond reason for differences between the years. The study site lay fallow for about 10 
months before the sowing of maize at the end of May 2005. Therefore, independent from 
the absence of autumn-breeding species like Calathus fuscipes and Calathus ambiguus 
on the field site in summer 2004, the ground beetle community had to recover with the 
sowing of the maize in spring 2005. Some of the carabid species dwelling in the winter 
wheat had to leave the field after harvest and had to breed and overwinter in adjacent field 
boundaries or adjoining fields (Coombes and Sotherton 1986). The second consecutively 
year with maize possibly established a carabid community more typical for maize fields at 
the study site. This is because the ground beetles which are known as autumn breeders 
could breed during the long duration of maize cultivation. The eggs or the larvae of the 
carabids then stayed over the winter in the soil on the field site. This is indicated by the 
captures of different carabids in the early spring of 2006. So cultivation history and soil 
management might also have formed field specific carabid assemblages (Hance and 
Grégoire-Wibo 1987). Last but not least, the different weather data of the sampling years 
might have an influence on the activity abundances. So the mean temperature of July and 
August 2006 (at 20 cm) was 2.0°C higher than 2005 and 2.3°C higher than 2007. This 
puts the comparison of the data of the sampling years into perspective.   
 
Literature suggests only a few carabid species as characteristic in cereal crops (Holland 
2000). The species community of the study site accorded with this species list: P. dorsalis, 
P. rufipes, P. melanarius and the less abundant B. lampros and T. quadristatus were cap-
tured in considerable numbers. Although the species C. fuscipes could be found in fields 
with different cereal crops (Basedow 1976), it seems to be atypical for fertile farmland. 
The high abundance of C. fuscipes can only be explained as a result of the sandy soil of 
the study site. As mentioned before this species needs a crop like maize which is har-
vested in autumn for its breeding. Maize also provides more open soil surface compared 
to wheat or wheat-like cereals. These are environmental conditions that also promote the 
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colonisation of the study site by C. fuscipes. In a distance of only 500 m to this field site a 
similar experimental approach was conducted, testing the effect of Tefluthrin (Bayer AG) 
on the ground beetle community in another field trial (data not shown). The ground beetle 
community differed completely, most probably because of different soil conditions. The 
high clay content provided a higher humidity and P. melanarius was the most abundant 
species with 60% of captured individuals. In contrast, C. fuscipes appeared only with an 
activity abundance of 1% on this alternative study site. There is not one definite ground 
beetle community in a maize field. Abiotic factors are very relevant. For the comparison of 
different data sets from variable field sites a baseline for every cropping location would be 
needed.  
 
The view on the chronological sequences of temperature, rainfall and activity abundances 
discloses different connections and dependences. E.g. the data of the year 2005 dis-
played an obvious correlation of temperature and total activity abundance. The rising of 
the temperatures at the 9th of July was subsequently followed by a first peek of activity 
abundances. After the decline of the temperature around the 21st of July a distinct break-in 
of activity abundances followed. The increase of activity abundances up to its highest 
peak at the 7th of September showed a little break during its rising in the last week of Au-
gust, which correlated to a short drop in temperature. So the data revealed a direct de-
pendence of activity abundances on temperature. Since pitfall trap captures represent 
only relative densities and no real abundances probably only the activity of the ground 
beetles decreased (Thomas 1998), while the real species densities stayed constant. For 
example, the measured movement of arthropods rises with warmer temperatures or de-
clines with drops in temperature (Honêk 1997). So these data revealed one problem of the 
carabid sampling with pitfall traps (see Chapt. 3.1.2), but they did not reduce the validity of 
our study, as in every plot and every maize variety naturally the same changes were 
monitored. Additionally, the chronological habitat separation of some carabid species is 
illustrated by Fig. 3-13. As at the middle of August the activity abundances of P. rufipes, P. 
melanarius, B. lampros and P. dorsalis decreased, an isochronic increase of the activity 
abundances of all Calathus species could be monitored. An effect of temperature de-
crease and/or strong rainfall on the two dates could not be separated. In 2006 and 2007 
the sampling of the carabids started earlier. The first captures in 2006 featured only some 
species which overwintered as adults (e. g. Bembidion lampros). With the rise in tempera-
tures by 7°C in mid-April, the activity abundances of several species increased. And with 
the next shifts in temperatures also the activity abundances of the carabids changed. The 
sowing of the maize on May 9th caused no abrupt changes in the activity abundances. The 
gentle tillage and sowing produced no collapse of activity densities. In 2006 the peaks of 
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the activity abundances of the different species were more distinct than in 2005. The first 
dominant species was P. cupreus, followed by P. dorsalis and P. rufipes. Just after the 
decrease of P. rufipes in mid-August the Calathus species became again the most domi-
nant carabid beetles. The last year of the study again showed a high correlation of rising 
temperature and a first peak in the activity abundances of the individuals captured in mid-
April. The temperature drops at the end of April and in mid-April resulted in an immediate 
reaction of the carabid activities. A probable additional influence of some strong rainfall 
was monitored during the summer. The peak sequences of the single species were com-
parable to the years 2005 and 2006. The temporal resolution of the activity abundances 
revealed that any conclusions drawn from a small sampling period would not be reliable. 
The influence of the weather was shown for the total sum of the captured individuals (vide 
supra) and would even be bigger if only two sampling points of different years were com-
pared. 
 
The heterogeneity of the activity abundances in the different plots is presumably due to 
different abiotic factors based on the heterogeneity of the study site. Distribution patterns 
which show areas in the field with high and low density levels of carabids were evaluated 
in several other studies (Holopainen et al. 1995, Holland et al. 1999, Hengeveld 1979). 
Not all factors could be identified in those studies and it is plausible that a combination of 
different abiotic factors, including time, influences the behaviour and distribution of ground 
beetles in the field (Thomas et al. 1997, 1998). Holopainen et al. (1995) ranked the soil 
characteristics in a decreasing order of their influence on carabids: Soil clay content  
soil type  soil water content  soil organic content  soil pH. The soil parameters of 
our field site could not serve as covariables in the statistical analyses of the activity den-
sity data, because no correlation between the soil parameters and the activity abundances 
were found (Compare Appendix). But they proof the existing heterogeneity of the soil at 
the study site. Generally, it has to be considered that more ground beetles live in the field 
next to the margins than in the middle of especially larger field sites (Popescu and Zam-
firescu 2004, Thomas et al. 2002).  
 
Depending on their favourite habitat the different species showed different distribution 
patterns in the field. E. g. Calathus fuscipes is known to prefer dry living spaces and es-
pecially sand (Müller-Motzfeld 2004). In contrast Pterostichus melanarius, which is a 
common carabid on European agricultural land (Desender and Alderweireldt 1988), pre-
fers soil with a higher humidity (Chapman et al. 1999), which is provided by soil with 
higher clay content because of its better capacity to retain water. Comparing the distribu-
tion patterns of these two species, an antipodal distribution is discovered. That implicates 
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that the plots in the north eastern part of the study site and the plot D8 contained a more 
humid soil. This deduction is supported by the aerial view of the field site (Compare Fig. 
3-2, Fig. 3-8 and Fig. 3-15). The partial humidity of the field is indicated by the bright parts 
inside the grown maize. As C. fuscipes had 6.2 times higher activity abundance than P. 
melanarius in 2005 and was 15.6 times more abundant in 2006, it becomes clear that the 
general distribution pattern of all carabids in the field is more strongly influenced by the 
activity abundances of C. fuscipes. The overall second most abundant species C. am-
biguus showed a very similar distribution over the different plots. This xerophilous species 
is known as a dweller of sandy farmland, just like C. fuscipes (Müller-Motzfeld 2004). That 
explains the almost congruent distribution of C. ambiguus and C. fuscipes. The distribu-
tion of the carabid species P. rufipes was similar to the Calathus species, but more bal-
anced especially in 2006. In addition to some plots with higher activity abundances in the 
southern part of the field site, P. rufipes also showed higher activity abundance in the plot 
C3. High activity abundance in single isolated plots could also be shown for P. cupreus. 
This species spatial distribution was reduced to a limited area with high abundances in 
only two plots. The carabids preferably dwelled in plots with assumed higher soil humidity. 
The same applied to the carabid species P. dorsalis, though these ground beetles fea-
tured a more even distribution.  
 
The activity abundances of some species strongly differed between the sampling locations 
inside the study site. Hence the power analysis revealed some of the difficulties coming 
along with the realisation of field studies. The differences in the activity abundances of the 
ground beetles between the single plots of a treatment led to relatively high standard de-
viations of the activity abundances of the carabids. As the analysis of the abiotic environ-
mental factors could not reduce the variance of the data, the high standard deviations 
influence the statistical power. However, the differences of the relative abundances of the 
beetles were much smaller than the borders given through the power analysis.  
    
Comparing the distribution patterns of the different years for all species, the change to a 
more homogenous distribution is recognized in 2006 and 2007. During the field study a 
typical maize field community of carabid beetles was established and the different eco-
logical niches were filled in. The method of pitfall trapping was chosen to detect potential 
differences of the activity abundances of carabid beetles between the 4 different maize 
varieties. With the data it was possible to locate small distinctions of soil factors at the 
study site. The heterogeneity of the field site could be graphically explained that way. 
However, no significant differences between the four maize varieties could be found. The 
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growing of the Bt-maize MON88017 expressing Cry3Bb1 protein resulted in no observ-
able effects on the non-target ground beetles.  
 
During analyses of the 2005 datasets, the following questions arose, which are addressed 
in the following chapter 4: Do carabid beetles get into contact with the Bt protein at all? 
How can any impact of the Bt protein on the carabids be expected, if the path of a poten-
tial exposure is not resolved?   
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4 Detectability of the Bt protein Cry3Bb1 in non-target 
ground beetles in the field 
4.1 Introduction 
The experiment described in Chapter 3 revealed no impact of the growing of the Bt-
maize event MON 88017 on ground beetles in the field. To complete the environmental 
risk assessment with risk defined as the function of exposure and hazard (Suter 2007) 
the question of an exposure of the carabids to the Cry3Bb1 has still to be addressed 
(Johnson et al. 2007). An exposure of the carabids to the Bt protein can be proven by 
the determination of the internal content of the protein. The classification of the sam-
ples according to time provides an insight into a potential influence of pollen shedding 
or other food paths on the internal content of the Cry3Bb1 in the ground beetles. 
4.2 Materials and methods 
4.2.1 Sampling 
Living ground beetles were collected with pitfall traps to assess their internal concentra-
tion of Cry3Bb1 with ELISA. The same trap design as described in Chapter 3 was 
used, only the preservant ethylene glycol was omitted. The pitfall traps were placed 
inside all 32 plots with an interspace of approximately 10 m to the pitfall traps used for 
the study specified in Chapter 3. That way, an interference of the two pitfall traps was 
minimised. Before the sampling, the dry pitfall traps were active for one night. The 
sampled carabids were immediately stored on ice and they were frozen at -20°C as 
soon as possible until further treatment, to avoid sample degradation. The sampling 
was conducted on several dates during the three year study.  
 
4.2.2 ELISA 
The carabids were thoroughly cleaned with alcohol and a small brush. After this, they 
were controlled for adhering residues of plant material with a binocular microscope. If 
necessary the cleaning was repeated. Each carabid was weighed with a microbalance 
for a mass reference. For the detection of the Cry3Bb1 protein an ELISA kit from Ag-
dia® was used (Elkhart, USA - purchased via Linaris GmbH, Germany).  
 
The test procedure for the ELISA followed the protocol provided by the manufacturer. 
In a first work step the carabid beetles were individually ground on liquid nitrogen with a 
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pestle inside 2.0 ml Eppendorf® Safe-Lock tubes. To each sample a volume of 500 µl 
or 1000 µl - depending on the beetle’s size - of PBST extraction buffer was added. The 
samples were homogenized with a vortex mixer. In some cases the preparation of a 
sample dilution series was necessary, because of the high amounts of Cry3Bb1 in sin-
gle specimen. The test system was used to yield quantitative information on the 
Cry3Bb1 contents in the sampled carabids. For this, the provided positive control of 40 
ng Cry3Bb1/ml was used to create a calibration curve with concentrations of 0.1, 0.2, 
0.4, 0.8, 1.25, 2.5 and 5.0 ng Cry3Bb1 ml-1.  
 
For the quantitative analysis all samples, including the different concentrations of the 
standard curve, were pipetted in duplicate. The OD means of the measurement were 
log transformed and the standard curve was calculated for each individual ELISA plate.    
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4.3 Results 
Important for further the interpretation of the data are the BBCH (Biologische Bunde-
sanstalt, Bundessortenamt and Chemical industry) stage and especially the anthesis 
dates of the maize plants in the three years (Tab. 4-1). The BBCH scale describes the 
growth stages of all mono- and dicotyledonous plant species (Hack et al. 1992). The 
anthesis (BBCH stage 61 to 69) occurred about the end of July to the beginning of Au-
gust in all three years (calendar weeks 31/32).   
 
Tab. 4-1: BBCH stages of the maize plants in the years 2005 to 2007.  
The weeks of flowering are marked in grey. 
  2005 2006 2007 
Week BBCH Scale Date BBCH Scale Date BBCH Scale Date 
19     Sowing 09.05.     
20             
21 Sowing 27.05. 13-14 24.05. Sowing 21.05. 
22             
23     14-15 06.06.     
24     15-17 13.06. 15-16 14.06. 
25 15-17 22.06. 19 22.06.     
26 19-29 29.06. 31-32 28.06. 16-19 28.06. 
27 31-32 04.07. 35-37 05.07.     
28 33-34 13.07. 35-37 13.07.     
29 34-37 20.07. 37-51 17.07. 34-37 18.07. 
30 36-39 27.07. 51-63 27.07. 39-53 25.07. 
31 55-65 03.08.  63-67 02.08. 51-65 31.07. 
32 65-67 10.08.     61-65 8.08. 
33 65-71 17.08.       
34 71-75 24.08.        
35 75-79 31.08.         
36 79-83 07.09.          
37 83-85 14.09.        
38 85 21.09.     83 14.09. 
39 Harvest 26.09. Harvest 27.09.    
40            
41             
42         Harvest 08.10. 
 
The sampled carabids were grouped into beetles captured before and after anthesis of 
the maize and into beetles captured in Bt plots (MON88017) or non-Bt plots (DKC5143, 
Benicia and DK315). Beetles of the ten species Bembidion lampros (n=1), Calathus 
fuscipes (n=102), Calathus ambiguus (n=4), Harpalus aeneus (n=1), Loricera pilicornis 
(n=3) Platynus dorsalis (n=26), Poecilus cupreus (n=2), Pseudophonus rufipes (n=22), 
Pterostichus melanarius (n=39) and Trechus quadristriatus (n=1) could be captured 
alive and were analyzed. Overall 201 individual carabids were tested with ELISA to 
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evaluate their Cry3Bb1 content. The Cry protein could be found In 82 carabids (40.8%). 
A detailed listing of the results is attached in the appendix. 
  
In 2005, the first year in which the carabids’ exposure to Cry3Bb1 was assessed, the 
protein content of 16 carabids was measured. Before anthesis the two sampled 
carabids from the non-Bt plots were tested negative and all three carabids captured in 
Bt plots were tested positive. After anthesis 11 carabids captured in Bt plots were 
tested. The result was positive with 10 of them. In the following year all examined 
carabids were captured after the pollination of the maize. 29 of the 67 individuals cap-
tured in the non-Bt plots were tested positive, while 31 of the 51 carabids sampled in 
the Bt plots were Cry3Bb1 positive. In 2007 the Bt protein was found in 5 out of 53 
ground beetles captured in non-Bt plots before pollination. Also, the Cry3Bb1 protein 
could be detected in 4 out of 12 ground beetles sampled in Bt plots before pollination. 
The single values were pooled over the years to obtain a better statistical data analysis 
Tab. 4-2). Of 55 carabids which were captured in non-Bt plots before the anthesis of 
maize 5 were tested positive for Cry3Bb1. The mean content of Cry3Bb1 in the 
carabids was calculated with 11.6 ng/g fresh weight. 46.7% of the 15 carabids captured 
in the Bt plots contained the Bt protein with a mean of 5.6 ng/g.  
 
Tab. 4-2: ELISA data pooled over the years 2005, 2006 and 2007 (details in Appendix)  
Before pollination Tested Positive Percent Mean ng/g SE 
Non-Bt plots 55 5 9.1 11.6 6.8 
Bt plots 15 7 46.7 5.6 2.7 
After pollination    
Non-Bt plots 69 29 42.0 66.0 38.8 
Bt plots 62 41 66.1 383.5 154.0 
 
29 of the 69 carabids captured in non-Bt plots were positive for Cry3Bb1 after pollen 
shed. The mean content inside the carabids tested positive for the Bt protein was 66.1 
ng/g. The mean Cry3Bb1 content of the 41 carabids captured in Bt plots and tested 
positive was calculated with 383.5 ng/g. This value differed significantly from the other 
Bt contents (t test). Fig. 4-1 visualizes these results. The bar charts show the mean 
values and standard errors. The box plots explain the data variance. The outliers rep-
resent single carabids with a high Cry3Bb1 content. The Bt protein contents varied 
from a minimum of 0.099 ng/g up to a maximum of 5,160 ng/g fresh weight. Values 
greater than 40 ng/g were only measured in carabids captured after the pollination of 
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the different maize varieties. The maximum Bt content in carabid beetles captured in 
non-Bt plots was measured in C. fuscipes (1,139 ng/g).     
 
The four carabids captured in the MON88017 plots measured with more than 1,000 
ng/g Cry3Bb1 all belonged to the two Calathus species found in the field. No Bt protein 
could be detected in 6 out of 10 species: Bembidion lampros, Harpalus aeneus, Lo-
ricera pilicornis, Platynus dorsalis, Poecilus cupreus and Trechus quadristriatus. 44.1% 
(45 of 102) of the Calathus fuscipes were tested positive for Cry3Bb1 with a mean of 
336.49 ng/g. The Bt protein was found in all 4 Calathus ambiguus with a mean of 
571.99 ng/g. 21 of 22 (95.5%) analysed Pseudophonus rufipes contained the Bt protein 
(mean: 9.73 ng/g) and in 30.8% (12 of 39) of the Pterostichus melanarius species the 
Bt protein was detected with a mean of 8.29 ng/g.  
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Fig. 4-1: Bar charts show the mean Cry3Bb1 Bt protein content (fresh weight in ng/g 
± SE) in ground beetles. The analysis was divided into carabids captured in Bt plots 
and Non-Bt plots; subdivided into captures before and after the pollination of maize. 
Same letter above bars indicates no significant difference (t test,  = 0.05).    
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4.4 Discussion 
The analysis of the ground beetles with ELISA proved their exposure to the Cry3Bb1 
protein in the field. The study additionally showed a significantly higher Bt protein con-
tent in ground beetles collected after the anthesis of the maize compared to beetles 
collected before anthesis. The shedding of the maize pollen during anthesis probably 
influenced the exposure of the ground beetles to the Cry3Bb1. Due to their poly-
phagous nature the ground beetles might have ingested the pollen directly as an easily 
available protein source or indirectly along the food chain with their prey (compare 
Chapter 6 and Holland 2002). The pathways of the Bt protein from the plant to the gas-
tro-intestinal tract of these arthropods may vary between different carabid species. 
Ground beetles with mainly carnivorous feeding behaviour may only get into indirect 
contact with the Cry3Bb1 protein (Kromp 1999). Polyphagous carabids in contrast 
might more probably get into direct contact with the protein while feeding on plant parts 
in general and, after the anthesis, on maize pollen in particular (Toft and Bilde 2002). 
Most carabids analysed belonged to the species Calathus fuscipes. The activity abun-
dance of C. fuscipes started to rise from the middle of August to its maximum abun-
dance in September (see Chapter 3). C. fuscipes is known to be mainly carnivorous 
(Tischler 1965). However, the high concentrations of Cry3Bb1 inside some of the C. 
fuscipes individuals hint to a direct uptake of the pollen. The high concentrations (> 
1,000 ng/g) may not be explained with an indirect uptake along the food chain, as the 
results of Chapter 6 show. The tritrophic feeding experiment only produced a mean 
internal content of 373.3 ± 142.5 (SE) ng/g. During maize anthesis there is an oversup-
ply of pollen on the soil surface and this is most probably a protein source willingly 
taken by the carabids (Mullin et al. 2005). The direct ingestion of maize pollen with a 
Cry3Bb1 content of 25 µg/g dw (Monsanto 2003) could result in the higher concentra-
tions of the Bt protein inside the ground beetles. As the ELISA test kit probably also 
measures fragments of the protein (Lutz et al. 2005) the amount of Bt protein still intact 
and biologically active may be less than the analysis revealed.  
   
The content of the Bt protein in carabids was also significantly higher in the Bt plots 
after anthesis compared to the Bt content of carabid beetles in non-Bt plots before and 
after anthesis. Peterson et al. (2009) observed the highest Cry1Ab uptake 4 to 6 weeks 
after the anthesis of maize. The fact that indeed positive ELISA results were found in 
carabids caught in non-Bt plots, can be explained on the one hand with the capability of 
especially the larger ground beetles to cover the distances between the different plots 
in a relatively short time. The Bt protein was probably not digested or excreted com-
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pletely during that time period and traces of the protein could still be detected. To get 
an approximate impression of carabid movement, a mark-release-recapture experiment 
was conducted on the field site (Chapter 5). On the other hand the feeding of the 
carabids in the non-Bt plots on prey that had taken up Cry3Bb1 in the MON88017 plots 
before (Peterson et al. 2009), could be another potential explanation for these findings.  
 
Zwahlen & Andow (2005) reported the first evidence for the uptake of a Bt protein by 
ground beetles. In their study the lepidopteran specific Cry1Ab protein was also de-
tected by ELISA, but the concentrations measured were below 117.3 ± 104.8 ng/g. 
Their different sampling dates in June and July of two consecutive years were de-
scribed, but a potential influence of the anthesis of the maize on the exposure of 
ground beetles to the Bt protein was not considered. Alvares-Alfageme et al. (2009) 
measured relatively low mean Cry1Ab concentrations of 4.6 ± 1.8 ng/g inside the 
ground beetle Poecilus cupreus. They could only detect the Bt protein in 8% of the 
carabids and only in individuals collected during pollination of the maize. Hence, the 
findings of this and the cited studies do suggest an influence of the pollen shedding on 
the internal content of a Bt protein inside carabid beetles.    
 
However, the proven uptake of the coleopteran specific Bt protein Cry3Bb1 by ground 
beetles in itself does not constitute a risk for this insect family. No negative effects of 
growing Bt maize were observed in the field (Chapter 3) and potential effects of chronic 
and high doses of the Cry3Bb1 were examined as described in Chapter 6.     
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5 Mark-release-recapture of ground beetles in the field 
5.1 Introduction 
The detection of the Bt protein Cry3Bb1 in the ground beetles sampled inside the non-
Bt plots illustrates next to other possible explanations also the ability of the ground bee-
tles to move relative large distances over a short time (Discussion Chapter 4). The 
mark-release-recapture experiment shall help to understand the small scale movement 
of the carabid beetles in the experimental field site.  
5.2 Materials and methods 
The highlighted area in the photo of the experimental field (Fig. 5-1) was chosen for 
this part of the study because of the high activity abundances of carabids in these plots 
in the two previous years 2005 and 2006 (Chapter 3). This area also showed most 
equal soil conditions between the chosen plots, so that the influence of abiotic factors 
should have been reduced. The experimental period of this part of the study lasted 
from August, 28th to September, 19th 2007. In 2005 and 2006 high activity abundances 
were measured during this time window. 80 dry pitfall traps were placed in a 10 m x 10 
m matrix in this area of the field. 
The matrix was exactly arranged to provide every plot with 12 pitfall traps and to relieve 
the driveways. So 72 traps were placed inside the plots and additional 8 traps were set 
up in the enclosing maize belt (Fig. 5-3).  
 
Once a day the carabid beetles were collected from the pitfall traps. They were marked 
individually with three different colours of nail polish at eight positions of their body (Fig. 
Fig. 5-1: Aerial view of field site with the area of the “mark release recapture” experiments
marked in red. 80 dry pitfall traps were placed in six plots and enclosing maize. (Compare Fig. 
5-3) 
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5-2). Six points could be set on their elytra, two on their pronotum. Theoretically 6,561 
beetles could have been individually marked this way. The marking was operated sys-
tematically to ease the finding of individual beetles in the records. Only those carabid 
species were used for the marking that were sized larger than 8 mm. So the labeling 
could be applied recognizably. After having been registered and drying of the nail pol-
ish the coloured ground beetles were released next to the pitfall traps where they had 
been captured. The first reaction of the released carabids was to hide between the 
prop roots of the maize. An immediate repeated falling of the carabids into the pitfall 
traps was thus prevented.  
 
24 hours later all 80 pitfall traps were controlled in the same order to obtain a similar 
time shift between the samplings. Recaptured carabids were recorded and released. 
Newly captured carabids were marked, registered and released.        
 
At the last day of the experiments all 80 re-captured carabid beetles were frozen and 
analyzed with ELISA. The protocol described in Chapter 4 was used for evaluation of 
the Bt contents in these carabids.    
 
Weather data was obtained from the weather station described in Chapter 3. 
  
 
 
 
 
Fig. 5-2: Two marked carabids (C. fuscipes). The left picture shows a recently painted beetle 
during drying with five red dots on its elytra. The right picture depicts a newly released carabid 
with markings consisting of dots in colours red and pink on the elytra and its pronotum.      
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Jolly Seber (Jolly 1963, 1965; Seber 1973) developed a method to estimate population 
densities with mark-release-recapture experiments. Following formulae were used for 
calculation: 
 
       
 
  
 
n: Total number of animals caught in period i  
m: Total number of animals marked in period i  
R: Total number of animals released in period i 
r: The number of animals at period i that are ever captured again in a subsequent sam-
ple  
z: Number of animals caught before or after period i but not in period i  
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5.3 Results 
422 carabid beetles were captured during three weeks of sampling. 412 individuals 
were marked and released. 304 of the captured beetles belonged to the species Ca-
lathus fuscipes (72 %). Second most dominant was Calathus ambiguus with 74 cap-
tured and marked individuals (17.5 %). The species distribution was similar to 2005 
and 2006 during the same time interval (Chapter 3).  
 
Two centres of higher activity abundance of carabid beetles were identified in the ex-
amined part of the field (Fig. 5-3). The highest activity abundance was found in one 
pitfall trap placed in the perimeter planting with 55 captures in three weeks of sampling. 
19 carabids were caught in a pitfall trap of plot C7 (Benicia). Further hot spots were 
noticed in the MON88017 plots with 12 to 16 captures per trap.  
 
 
 
In plot B6 (DK 315) a mean of 2.5 carabids were captured per trap. In B7 (MON 88017)  
a mean of 5, in B8 (Benicia) a mean of 2.5, in C6 (DKC 5143) a mean of 1.5, in C7 
(Benicia) a mean of 5.4, in C8 (MON 88017) a mean of 5.75 carabids was sampled per 
4 2 1 6 5 6 0 1 
3 0 0 3 0 0 0 0 
2 4 2 3 4 0 1 1 
4 12 8 15 19 4 2 1 
5 1 1 2 5 3 5 2 
3 1 3 4 15 1 4 4 
0 0 0 1 7 1 1 5 
1 2 0 8 7 9 1 10 
2 2 4 10 16 4 5 3 
1 16 13 35 55 2 19 10 
 
Fig. 5-3: Absolute captures of carabid beetles in 80 dry pitfall traps summed up over the sam-
pling duration of three weeks. The study took place in the plots B6 (30 captured carabids) , B7 
(60 capt.), B8 (30 capt.) and C6 (18 capt.), C7 (65 capt.), C8 (69 capt.) plus perimeter planting 
(151 capt., dark green). Arrow symbolises the longest covered distance of a re-captured carabid 
recorded by the experiment (98 m day-1). The plot colours are correspondent to Fig. 3-3. 
Mark-release-recapture of ground beetles in the field 
 
70 
 
trap. The highest mean of captured carabid beetles was recorded in the perimeter 
planting with 18.9. 
 
41 individuals (9.95%) of the marked and released carabid beetles could be recap-
tured. 39 of those beetles belonged to the species Calathus fuscipes. About a third 
(34%) of all beetles was recaptured in the same or neighboured pitfall trap. The mean 
displacement distance was approximately 10.2 m day-1. The recapture after 1 to 4 days 
resulted in an average covered distance by the carabids of 23 m (n=14). The ground 
beetles recaptured after 5 to 9 days covered a mean distance of 33 m (n=21) and the 
beetles caught again after 10 to 14 days moved in a mean range of 43 m (n=6). The 
maximum covered distance of a marked ground beetle was recorded with  
98 m day-1. The beetles moved as well from the perimeter planting into the plots as 
from the plots into the perimeter planting. The driveway was no obstacle as the 
carabids moved also from row 6 to 7 and vice versa.  
 
The ELISA analysis of the 80 carabids captured on the last day of the experiment re-
vealed 32 beetles with a positive reaction to Cry3Bb1 antibodies. Marked and recap-
tured was only one of the carabid beetles positive tested. This individual was originally 
captured in trap 29 and recaptured in the same pitfall trap (Benicia plot). 48 of the ana-
lysed ground beetles were caught in the enclosing perimeter planting (pitfall traps in the 
dark green part of Fig. 5-3). 23 of these individuals were tested positive for Cry3Bb1.   
 
The recapture experiment additionally delivers an idea of the density of the recaptured 
carabids. The evaluation of the experiment with the Jolly Seber method produced an 
estimate of 0.80 carabids m-2. 
 
To better understand and to interpret the data, additional weather data of 2007 have to 
be shown Fig. 5-4). Of interest were the weeks during the experimental work from Au-
gust, 28th to September, 19th. With the beginning of September the temperature enor-
mously decreased from 16° C to below 10°C. The low temperature was associated with 
fog and humidity on the maize leaves until noon on these sampling dates. Two occur-
rences of stronger rainfall during September may have additionally influenced the sam-
pling. In comparison to the year 2006 with a warmer and less humid September the 
capture and therefore also the re-capture rates was reduced in 2007.     
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5.4 Discussion 
The idea of marking ground beetles for release and recapture experiments arose due 
to the results of the ELISA analysis of field captured carabids (Chapter 4). The detec-
tion of Cry3Bb1 in non-Bt plots suggested on the one hand the movement of carabid 
beetles from Bt plots, where the carabids were directly exposed to the Cry3Bb1, to 
non-Bt plots. The amount of digested Bt protein must have been high enough to endure 
the transfer from one plot to another without being completely degraded or excreted. 
On the other hand the carabids could have theoretically taken up the Cry3Bb1 inside 
the non-Bt plots. But the probability of a very large uptake of Cry3Bb1 by ground bee-
tles inside the plots without the maize variety MON88017 is relatively low. Potential 
prey containing the Bt protein could have moved from Bt plots into non-Bt plots or Bt 
pollen could have shed widely into non-Bt plots. However, the proven Bt protein uptake 
by the tested individuals collected inside the non-Bt plots indicated towards a move-
ment of the carabids across plot borders from a MON88017 plot. And this assumption 
was confirmed by the mark release recapture experiments.          
 
The conclusions drawn from the obtained data especially help to understand the 
movement of the carabid species Calathus fuscipes and Calathus ambiguus. These 
species were all-dominant during the period of the experiment representing 90% of the 
captures. In total 9.95 % of the marked carabids were recaptured. Thomas et al. (2006) 
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Fig. 5-4: Daily average temperature (blue) and daily rainfall (red) during growing season in 
2007 
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observed recapture rates of 7.5% to 14.2 % depending on the crop variety. The rate 
was therefore inside the expected range. Needless to say, that the recapture rates also 
depend on the activity density of the carabids, the intervals between the pitfall traps 
and the weather. Without the low temperatures at the end of the experiment the activity 
of the carabid beetles might have been higher and more individuals could have been 
recaptured.    
 
The results suggest that the carabids would have been capable of dispersing even over 
long distances. One ground beetle was able to cover a distance up to 90 metres even 
in a short time period. But more than a third of all recaptured carabids were found in 
the same or closely neighboured pitfall trap. This result is also supported by other mark 
release recapture experiments with carabid beetles. The analysis of the data produced 
by Thomas et al. (1998) revealed that several carabid individuals stayed for more than 
4 month at their release position and only a few individuals spread for more than 55 m 
during one month. As long as the environmental conditions fitted the carabids stayed in 
their habitat. That is an important fact supporting the use of a plot design to look for a 
potential impact of growing genetically modified maize on the carabid community.  
 
The mark-release-recapture experiment additionally provided the possibility to calculate 
densities of the carabids on the examined area. The Jolly Seber method was used to 
estimate population densities of the captured carabids. The determined 0.8 individuals 
m-2 were comparable to values of similar studies, but the density was slightly higher 
than e.g. the counts of Thomas et al. with values of 0.26 and 0.12 to 0.21 carabids / m² 
(1998, 2006). It would be of interest to compare the activity abundance and the esti-
mated densities in single plots. But the density was calculated using the area of about 
six plots (810 m²) with 80 pitfall traps. The captures of the main field trial used only 32 
traps on 6,000 m².    
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6 Feeding studies with ground beetles and the fate of 
the Bt protein along the food chain  
6.1 Introduction 
The evaluation of potential direct effects of the Bt protein Cry3Bb1 on ground beetles in 
feeding studies should be the first experiment within a step wise approach of an envi-
ronmental risk assessment (Romeis et al. 2006). Because of the central role of the field 
experiment in this project the feeding experiments deliver rather additional, but less 
important information. After the proven exposure of the carabids these experiments are 
able to evaluate a potential hazard for adult carabids fed on prey containing the 
Cry3Bb1 protein. Therefore this project follows a top down approach with the described 
bioassays. 
6.2 Material and Methods 
About 500 field collected carabid beetles were kept for feeding experiments. The bee-
tles were captured alive by dry pitfall traps in August 2007. Chosen for the experiments 
were only the four most abundant species of the year 2006, C. fuscipes, P. melanarius, 
P. rufipes and C. ambiguus 
(cf. 3.2). The cultivation of 
the four carabid species was 
operated orientated at 
Heimbach et al. (1992) at 
room temperature in small 
plastic caps filled with ex-
panded clay, closed by per-
forated lids. In a first step 
appropriate diet was estab-
lished. The carabids were 
supplied with water and 
fresh fruits like apple and 
banana. Additionally they 
were fed with an artificial diet 
originally developed for but-
terfly larvae (Saeglitz et al. 2006). Ten ground beetles were fed only with a 20% honey 
solution for 3 month to test this source of food (Fig. 6-1).  
   
Fig. 6-1: P. melanarius in plastic cup filled with expanded 
clay. Honey solution supplied in small plastic lid. The cup is 
coated with black cardboard for light blocking.  
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Fig. 6-2: The carabid beetle Pseudophonus 
rufipes feeding on Ostrinia nubilalis (European 
Corn Borer)  
At the same time larvae of the European corn borer (Ostrinia nubilalis) were fed on 
fresh maize leaves under controlled conditions in a climate chamber with a temperature 
of 22°C  1°C, a photoperiod 16/8 h (L/D) and 70% RH. The Bt-maize MON 88017 and 
the near isogenic line DKC 5143 were fed separately to different larvae of O. nubilalis. 
The European corn borer (ECB) larvae represent potentially natural prey of ground 
beetles and could even be found in pitfall traps at our study site. In contrast to Cry1Ab, 
a lepidopteran specific Bt protein, the coleopteran specific Cry3Bb1 of MON 88017 
should not affect the butterfly larvae. ECBs of third instar were used for the feeding 
studies with the carabids. As former studies (Meissle et al. 2005) showed a preference 
of carabids for living prey, all larvae were presented alive to the predators.               
 
The feeding studies were started with 
choice trials. In 30 replicates two ECB 
larvae were offered to single carabid 
beetles of the species C. fuscipes or 
Pseudophonus rufipes (Fig. 6-2). One 
of the larvae presented to the predator 
inside Petri dishes was fed on Bt-
maize and the other one was grown on 
leaves of the near isogenic maize line 
DKC 5143. The selection of the 
carabids of one of the alternatives was 
recorded.  
 
The second experimental approach documented the fate of the Cry3Bb1 along the food 
chain and also tested for a potential acute toxic effect of the Bt protein. The experimen-
tal setup analysed the Bt protein content at tri-trophic levels: from the maize plant over 
the butterfly larvae of European corn borer to the predatory carabid beetle Calathus 
fuscipes. Again one group of butterfly larvae was fed on Bt-maize and one group on the 
near isogenic line. Those larvae were given as prey to 20 carabids, which were kept 
separately in plastic cups with a diameter of 90 mm at room temperature. Each carabid 
beetle was fed 2 times a week with one larva. To obtain sufficient humidity a wet tissue 
was placed in each plastic cup. The experiment lasted for three weeks. The weight of 
each larva before being fed and the weight of the carabids at different points in time 
were recorded. At the end of the experiment, four hours after the last feeding, the 
carabid beetles were frozen at -50°C. Each survived carabid, 5 representative ECB 
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larvae fed on MON88017 and a homogenous mixture of Bt-maize leave material was 
analysed per ELISA as described in Chapter 4. 
 
The last feeding experiment exposed carabids to a high dose of the Bt protein dis-
solved in a honey solution. The Bt protein Cry3Bb1 was obtained from Johannes Jehle 
and Hang Nguyen Thu of DLR Rheinpfalz. They produced the protein using the plas-
mid pMON70855 provided by the Monsanto company (Nguyen et al. 2007). The 
Cry3Bb1 was applied to 20 individuals per species (Calathus fuscipes, Calathus am-
biguus, Pterostichus melanarius and Pseudophonus rufipes) in a solution of 80% Tris 
HCl Buffer and 20% honey (pH 8.5). The Bt protein was added to one half of the bee-
tles to an end concentration of 325 µg Cry3Bb1 per ml honey solution. The solution 
was exchanged daily for a time period of 35 days. Mortality or a lack of mobility of the 
carabids was recorded. Four hours after the last feeding all carabid beetles were frozen 
at – 50°C until further analysis with ELISA (Chapter 4).    
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6.3 Results 
Choice trials 
The carabids in the choice trial experiments picked 13 times the ECB larva fed on the 
near isogenic line DKC5143 and 17 times the larva fed on the Bt-maize MON88017. 
The prey was ingested immediately. Tab. 6-1 presents detailed information of the 
choices of the different species. During the first and second experimental approach 6 
individuals of Calathus fuscipes decided for the larva fed on Bt-maize. So both times 4 
carabids chose the larva fed on maize leaves of the near isogenic line. The third ap-
proach used 10 individuals of the carabid species Pseudophonus rufipes. 50% of the 
carabids fed on the prey reared on Bt-maize. The statistical analysis with a chi-square 
test resulted in no significant differences (p=0.873).  
     
Tab. 6-1: Choice trials with three approaches. To each of the 10 carabids two Ostrinia nubilalis 
larvae were presented. One larva was fed on Bt maize and the other on the near isogenic line 
DKC5143 (Iso-maize).  Chi-square test p=0.873. 
Carabid species Replicates Chosen larvae 
fed on Bt-maize 
Chosen larvae fed 
on Iso-maize 
C. fuscipes 10 6 4 
C. fuscipes 10 6 4 
P. rufipes 10 5 5 
 
During the evaluation of the Bt protein Cry3Bb1 along a tritophic food chain 3 of the 10 
carabids fed on ECB larvae kept on the near isogenic maize and 2 of the 10 carabids 
fed on larvae kept on the Bt-maize died. The surviving carabids showed no sign of im-
pairment.   
 
Food chain 
The analysis of the homogenised mixture of leave material of the Bt-maize MON88017 
per ELISA resulted in an average Cry3Bb1 content of 6765.5 ± 213.5 (SE) ng/g. The 5 
analysed ECB larvae contained 3928.6 ± 213.5 (SE) ng/g Cry3bb with range from 965 
to 5461 ng/g. Inside the 8 measured carabids a mean value of 373.3 ± 142.5 (SE) ng/g 
Cry3Bb1 was measured (Fig. 6-3) with the minimum of 14.4 ng/g and the maximum 
value of 355.5 ng/g. The mean Bt protein content of the ECB larvae reached 58% of 
the Cry3Bb1 detected in the maize samples. Inside the carabids the mean concentra-
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tion of Cry3Bb1 reached 5.5% of the protein concentration in the maize leaves and 
9.5% of the Bt protein content in the ECB larvae.  
 
Direct exposure 
The results of the bioassays with a direct exposure of the four different carabid species 
to the Cry3Bb1 are displayed in Tab. 6-2.   
Tab. 6-2: Results of the feeding study with the Cry3Bb1 protein dissolved in a 20% honey solu-
tion. 20 individuals of each species were fed with the honey solution (control) or the honey solu-
tion with dissolved Cry3Bb1 (Bt). 
Carabid species ind. in control survived ind. ind. with Bt survived ind. 
C. fuscipes 10 6 10 5 
C. ambiguus 10 10 10 10 
P. rufipes 10 9 10 10 
P. melanarius 10 8 10 8 
 
60 % of the Calathus fuscipes at the approach without the Bt protein and 50% at the 
approach with the Bt protein survived. None of the tested Calathus ambiguus was af-
fected in their survival. One of the Pseudophonus rufipes individuals of the control died, 
as all individuals of the Bt approach survived. Two carabids of the Pterostichus 
melanarius species in both formulations died. 
 
The statistical analysis tested the hypothesis: There is no difference between control 
and Bt-approach. The calculation of the data with the Chi² test (p=0.96) and alterna-
tively with the exact fisher test (p=1) resulted both in p>0.05. Therefore the hypothesis 
can not be rejected.The ELISA analysis detected a mean Cry3Bb1 content of 429.37 ± 
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Fig. 6-3: The Cry3Bb1 content along a tritrophic food chain. Bt-maize was fed to larvae of 
Ostrinia nubilalis, which were fed to carabid beetles of the species Calathus fuscipes.  
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93.77 (SE) ng/g for the 20 tested carabid beetles. The value was highest in Calathus 
fuscipes with a mean of 701.33 ± 304.84 (SE) ng/g of the Bt protein (Fig. 6-4). The 
mean content of the Cry3Bb1 in Calathus ambiguus (223.56 ± 63.95) and Pseudo-
phonus rufipes (188.65 ± 92.54) was lower, but not significantly different. Pterostichus 
melanarius showed an average Bt content of 600.93 ± 104.31 (SE) ng/g. This value 
was significantly different to the mean values of C. ambiguus and P. rufipes. 
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Fig. 6-4: The mean Cry3Bb1 content (± SE) in 4 carabid species after the feeding studies 
with a high dose of the Bt protein dissolved in a honey solution. 5 individuals per species 
were analysed per ELISA. (t test p = 0.5)   
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b
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6.4 Discussion 
The choice trials revealed no preference for or avoidance of one of the presented ECB 
larvae by the carabids. The prey was ingested completely and independently of the 
coleopteran specific Cry3Bb1 inside the larvae. The bioassays of Meissle et al. (2005), 
where adult carabids had the choice between Cry1Ab treated and untreated larvae of 
S. littoralis showed similar results. Although the Bt-treated butterfly larvae in their study 
might have been of inferior food quality (Dutton et al.2002), because the larvae were 
affected by the Cry1Ab (Lepidopteran specific), the adult carabids did not avoid the 
caterpillars. However, the Ostrinia nubilalis larvae fed on Cry3Bb1 were not affected by 
the protein and therefore this reason for a potential rejection by the carabids was 
avoided. By digesting the larvae the Bt protein could have gotten indirectly into the gas-
trointestinal tract of the coleopteran predators. This pathway of the Cry3Bb1 con-
structed in the laboratory is also a potential trophic link and could be a potential route 
for the Bt protein inside the carabids collected in the field (Chapter 4). 
 
The results of the analysis of the Cry3Bb1 content along the food chain with ELISA 
supported this assumption. The Bt protein was detected on all trophic levels. The 
measured Bt content of the maize leaves (6.8 µg/g fresh weight) was lower than the 
values published by Nguyen et Jehle (2009), who analysed leaf material of the 
MON88017 grown at the study side (mean Cry3Bb1 contents from 24.7 µg/g to 35.5 
µg/g fresh weight). Possible explanations for the different Bt contents are the cultivation 
of the maize in the greenhouse, a different sample preparation or differences between 
the accuracy of the ELISA kits (compare Nguyen et al. 2007). However, it was impor-
tant to measure Bt values with a comparable procedure and method in the same labo-
ratory. The evaluation of the protein showed a dilution to 5.5 % inside the carabid bee-
tles compared to the initial content of Cry3Bb1 in Bt-maize leaves. In relation to the 
beetles collected on the experimental field the average content of Cry3Bb1 was analo-
gous to the highest mean value of the Bt protein inside the carabids after the anthesis 
of the maize. However, the maximum content of Cry3Bb1 (5,160 ng/g) measured in 
field collected carabids was not reached in this experiment (cf. Chapter 4). The total 
amount of the Bt protein uptake was limited by the size of the ECB larvae. In the field it 
might be possible for the carabid beetles to digest even more or bigger prey. Also a 
direct contact to Bt containing plant parts could occur. The results of Chapter 4 indicate 
towards an influence of the anthesis: Due to the shedding of Bt protein containing pol-
len this easy available food source might have led to higher concentrations of Cry3Bb1 
inside the carabid beetles.      
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With the ELISA technology it was possible to quantitatively determine even smallest 
amounts of the protein inside the carabids, but an effect of this protein was not ob-
served. The repeated feeding of the carabids with Bt containing ECB larvae should 
additionally reveal potential effects of the Cry3Bb1 on adult carabid beetles. But an 
acute toxic effect of the Bt protein was not observed over the study period of 3 weeks. 
Ferry et al. (2007) came to the same result with a similar bioassay. The carabid beetle 
Nebria brevicollis was exposed to genetically modified Cry3A potato fed prey. No sig-
nificant effects on the survival of adult beetles over a 30 day period were found.      
 
To expose the carabids to a maximum amount of the protein in a worst case scenario 
and to ensure that the Bt protein was not degraded along the food chain and lost its 
biological activity an additional bioassay was conducted with a chronic exposure to the 
pure form of the Cry3Bb1. There was no effect on the survival of adult carabids over 
the period of 35 days. The ELISA analysis confirmed the uptake of Cry3Bb1 by the 
carabid beetles. The mean content of the individuals of the species Calathus fuscipes 
revealed a reduced survival rate in both treatments, Bt and non-Bt. The carabid beetles 
were kept for a relatively long time before being tested and most probably their lifespan 
came to an end with those last feeding experiments. However, the results of the bioas-
says conducted with the three other species proved the practicability of the test design. 
The experiments of Ahmad et al. (2006) and Mullin et al. (2005) exposed carabid bee-
tles to pollen of a Cry3Bb1 expressing maize variety, a way to expose the carabids 
conveniently to relatively high doses of the Bt protein. The results also revealed no 
negative effects on the survival of different carabid species.   
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7 Conclusions and outlook 
This comprehensive field and lab study revealed no environmental risks for ground 
beetles posed by the cultivation of the maize hybrid DKC 5143-Bt (Event MON88017). 
 
An environmental risk is generally defined as a function of both exposure and hazard 
(Suter 2007). The Cry3Bb1 was detected inside field collected carabid beetles. Hence, 
the carabids are exposed to the Bt protein expressed in GM maize. However, addi-
tional feeding experiments showed the strong decline of the Cry3Bb1 along the food 
chain. The content of the Bt protein in the third trophic level was reduced to 5.5 % of 
the Cry3Bb1 concentration in maize leaves.    
 
Field tests confirmed that the cultivation of this Bt-maize variety expressing Cry3Bb1 
protein resulted in no observable effects (hazard) on the activity abundances of the 
nontarget carabid beetles in the field. No significant differences between the four differ-
ent maize varieties were detectable. The sampling of the beetles with pitfall traps also 
tested for a potential impact on the carabid community. Again no differences between 
the four maize varieties were recorded. A reduction of activity abundances could have 
indicated towards a direct influence of the Bt protein on the fitness or mortality of the 
ground beetles. Also indirect effects through prey limitation would have been detected. 
A greater impact of the Bt maize on herbivores (second trophic level) would have also 
been displayed through lower abundances of the predators or at least through a 
change in the carabid community, as was shown for insecticide use (Holland and Lund 
2000). Furthermore, the bio-assays did not prove any toxicity of the Cry protein to the 
carabid beetles. In laboratory tests adult carabids were exposed indirectly and directly 
to the Bt protein Cry3Bb1 and no acute toxic effect was observed. 
 
To sum up, the cultivation of the maize hybrid DKC5143-Bt (event MON 88017) has no 
impact on ground beetles, although it leads to an exposure of these beneficial arthro-
pods to the Cry3Bb1. Therefore, as far as the results of this study reveal, an environ-
mental risk concerning ground beetles with the growing of this GM maize can be ex-
cluded with hzge certainty.    
 
 
The results will impact the design of a future PMEM plan. It has to be considered that 
there is not one definite ground beetle community in a maize field. Species distribution 
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and abundance differed strongly between sampling dates and years of sampling. A 
random sample at only one sampling date would not supply sufficient information. The 
temporal resolution of the activity abundances revealed that any conclusions drawn 
from a small sample period would not be reliable. The influence of the weather was 
shown for the total sum of the captured individuals and would even be bigger if only 
two sampling points of different years were compared. The discrepancy between sev-
eral locations is even bigger than between single years at the same field site. For the 
comparison of activity abundance and carabid community data a baseline would be 
needed for every location. The consideration of a cost-benefit calculation reveals the 
inadequate efficiency of such a future general monitoring. The expanses for the evalua-
tion of potential effects of MON 88017 on ground beetles in this study lay above 36 
man month, not mentioning the cost for material, travelling, accommodation and assis-
tance with the cultivation of experimental field.  
 
Some interesting academic questions were not answered in this study: The integrity of 
the Bt protein in the different trophic layers remains unknown. The analysis with ELISA 
held only limited information. An additional bio-assay could test for the bio-activity of 
the Cry3Bb1 after the ingestion of the herbivores or the predators. Furthermore, a pro-
tein analysis with a Western Blot would allow for a better understanding of the potential 
degradation of the Cry3Bb1 along the food chain, and a full life cycle test with carabids 
could substantiate the results of the bio-assays conducted with adult ground beetles. 
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8 Abstract 
The cultivation of genetically modified (GM) plants provides the possibility to address 
many needs of modern agriculture. The most important trait of GM crops besides her-
bicide tolerance is insect resistance provided by the expression of Bt proteins. Diabrot-
ica virgifera virgifera will most probably become the new major pest in maize through-
out Europe. For the control of this pest the GM maize DKC 5143-Bt (Event MON88017) 
was developed. This hybrid expresses the coleopteran specific Bt protein Cry3Bb1. 
The potential of these Bt crops to adversely affect nontarget organisms requires an 
environmental risk assessment (ERA) to be conducted before the release of the modi-
fied plants on the market.  
 
The potential impact of MON88017 on nontarget organisms was assessed in a field 
release experiment. The study examined the abundance of activity, a relative density, 
of ground beetles (Carabidae) in four maize varieties including the genetically modified 
MON 88017, the near-isogenic line DKC 5143 and the two conventional varieties DK 
315 and Benicia. Carabidae are important predators of the biocenosis in maize fields 
and could get into indirect or direct contact with the Bt protein. During the growing pe-
riod of maize pitfall traps were used to collect the ground dwelling arthropods, which 
were determined to species level. Statistical comparisons showed no significant differ-
ences of ground beetle activities between the four maize varieties. The internal content 
of the Bt protein Cry3Bb1 in ground beetles collected from the field was measured with 
DAS-ELISA. The Bt protein was found within 47% of the ground beetles sampled in Bt-
plots before the anthesis and in 66% of the beetles collected after the beginning of 
maize anthesis. The absolute values of Cry3Bb1 in these samples ranged from 0.10 
ng/g to a maximum of 5.16 µg/g protein/individual. The Bt content after the maize an-
thesis was significantly higher. Bio-assays in the laboratory showed the degradation of 
the Bt protein along the food chain. From the maize plant to the third trophic level, the 
carabid predators the Bt content was reduced to 5.5%. Additional toxicity tests revealed 
no effect of the Bt protein Cry3Bb1 on adult carabid beetles, even when consumed in 
artificially high concentrations. 
 
The environmental risk can be defined as a function of exposure and hazard. This 
study demonstrated the exposure of the carabids to the Cry3Bb1, but no impact (haz-
ard) on the beetles was observed in the field and in additional bio-assays. Therefore a 
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potential risk of the Bt maize hybrid MON 88017 on ground beetles can be regarded 
negligible. 
A future monitoring plan using carabid beetles as NTA test species would need con-
sider the heterogeneity of the beetle community. Baseline data of every surveyed loca-
tion will be necessary to gain sufficient results of a general surveillance.  
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9 Zusammenfassung 
Der Anbau von gentechnisch veränderten (GV) Pflanzen bietet Lösungen für viele Her-
ausforderungen der modernen Landwirtschaft. Aktuell ist - neben der Herbizidtoleranz - 
die Insektenresistenz die wichtigste errungene Eigenschaft von GV Nutzpflanzen. Der 
Maiswurzelborer (Diabrotica virgifera virgifera) ist auf dem Wege zum Hauptschädling 
des Maises in Europa aufzusteigen. Die gentechnisch veränderte Maissorte DKC 
5143-Bt (Event MON88017) soll diesen Blattkäfer bekämpfen, indem sie das Bt Protein 
Cry3Bb1 produziert, welches spezifisch gegen Käfer wirkt. Eine Insektenresistenz wird 
durch die Expression von Bt Proteinen erzeugt. Mögliche negative Auswirkungen des 
Anbaus von Bt Pflanzen erfordern vor dem breitflächigen kommerziellen Anbau dieser 
Pflanzen eine umfassende ökologische Sicherheitsbewertung.  
Der mögliche Einfluss beim Anbau dieser GV Maissorte auf die Umwelt wurde in einem 
dreijährigem Feldversuch evaluiert. Dieser Versuch verglich dabei die Aktivitätsabun-
danzen (relative Dichten) von Laufkäfern (Carabidae) in vier verschiedenen Maissor-
ten. Neben der gentechnisch veränderten Sorte wurden in der Studie auch die nah 
isogene Ursprungsorte und die beiden konventionellen Sorten DK 315 und Benicia mit 
einbezogen. Laufkäfer sind wichtige Prädatoren der Maisfeldbiozönose und könnten 
dem Bt Protein indirekt über die Nahrungskette oder direkt durch Aufnahme von Pflan-
zenteilen ausgesetzt sein. Die Arthropoden wurden mit Hilfe von Barberfallen gesam-
melt und bis zur Art bestimmt. Die statistische Auswertung der erhobenen Daten ergab 
keine signifikanten Unterschiede in den Aktivitätsabundanzen der Laufkäfer zwischen 
den vier verschiedenen Maissorten. 
Die Analyse von im Feld gesammelten Laufkäfern per ELISA wies die Exposition der 
Tiere gegenüber dem Bt Protein nach. In 47% der Käfer konnte das Cry3Bb1 vor der 
Blüte der Maispflanzen und in 66% nach Beginn der Blüte gefunden werden. Die abso-
luten Werte erstreckten sich von 0,10 ng/g bis zu einem Maximum von 5,16 µg/g. Da-
bei erwies sich der Bt Gehalt in den Carabiden nach Beginn der Maisblüte als signifi-
kant höher.  
Biotests im Labor zeigten den Abbau des Bt Proteins entlang der Nahrungskette. So 
wiesen die Laufkäfer als Predatoren der dritten trophischen Ebene nur 5,5% des Bt 
Gehalts des Maises auf. Zusätzliche durchgeführte Toxizitätstests konnten keinen Ef-
fekt des Cry3Bb1 auf Carabiden nachweisen. 
Ein Umwelt Risiko wird allgemein definiert als eine Funktion der Exposition und der 
Gefährdung. Diese Studie konnte die Exposition der Laufkäfer gegenüber dem Bt Pro-
tein beweisen, einen Effekt (Gefährdung) auf diese Arthropoden wurde aber nicht er-
Zusammenfassung 
 
86 
 
sichtlich. Demzufolge birgt der Anbau des gentechnisch veränderten Maises MON 
88017 kein ökologisches Risiko für Laufkäfer. 
Das anbaubegleitende Monitoring von gentechnisch verändertem Mais, welches mit 
dem Ansatz der allgemeinen Umweltbeobachtung („general surveillance“) auch die 
Nicht-Ziel-Organismen Laufkäfer betrachtet, sollte die Heterogenität der Carabidenge-
meinschaft berücksichtigen. Eine aussagekräftige Bewertung der erhobenen Daten ist 
nur durch eine vorherige Feststellung der Ausgangssituation für jedes untersuchte Ge-
biet gewährleistet.           
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11 Appendix 
Chapter 3: 
Example of the glm analysis with R (Sum of carabid activity abundances 2005): 
 
R version 2.6.0 (2007‐10‐03) 
Copyright (C) 2007 The R Foundation for Statistical Computing 
ISBN 3‐900051‐07‐0 
 
R ist freie Software und kommt OHNE JEGLICHE GARANTIE. 
Sie sind eingeladen, es unter bestimmten Bedingungen weiter zu verbreiten. 
Tippen Sie ʹlicense()ʹ or ʹlicence()ʹ für Details dazu. 
 
R ist ein Gemeinschaftsprojekt mit vielen Beitragenden. 
Tippen Sie ʹcontributors()ʹ für mehr Information und ʹcitation()ʹ, 
um zu erfahren, wie R oder R packages in Publikationen zitiert werden können. 
 
Tippen Sie ʹdemo()ʹ für einige Demos, ʹhelp()ʹ für on‐line Hilfe, oder 
ʹhelp.start()ʹ für eine HTML Browserschnittstelle zur Hilfe. 
Tippen Sie ʹq()ʹ, um R zu verlassen. 
 
>  kaefersumme<‐read.table(ʺC:/Users/kai/Diabrotica  03.12.07/Auswertung  Statistik/R 
Statistik/käfer 2005r+boden.txtʺ,header=T) 
> kaefersumme 
   Sorte Plot Summe pH0  san0 schl0  ton0  KAK0  Kton0    C0     N0   CN0 Nmin0 
1      1    1   121 5.1 68.08 24.81  7.10 36.91 205.65 0.862 0.0787 10.95  3.54 
2      1    2   132 5.5 63.77 27.67  8.56 48.70 276.60 0.952 0.0837 11.37  5.29 
3      1    3    37 5.6 49.70 39.83 10.48 41.96 200.47 0.813 0.0771 10.54  7.23 
4      1    4    66 5.9 58.90 31.54  9.56 23.58 555.89 1.020 0.0987 10.33  5.08 
5      1    5   102 5.6 51.60 37.99 10.42 35.20 249.55 0.786 0.0763 10.30  6.41 
6      1    6   288 5.3 59.08 32.79  8.13 38.14 226.54 0.715 0.0691 10.35  6.97 
7      1    7   127 5.6 48.91 40.75  8.81 37.46 336.96 0.719 0.0696 10.33  7.55 
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8      1    8   200 5.5 59.01 29.74 11.25 44.64 227.74 0.803 0.0761 10.55  4.20 
9      2    1   117 5.2 68.23 25.60  6.17 33.16 221.91 0.773 0.0670 11.54  2.93 
10     2    2    76 5.4 53.92 36.45  9.63 52.73 268.84 0.780 0.0699 11.14  7.05 
11     2    3    85 5.4 59.80 30.72  9.49 46.53 294.91 1.020 0.0971 10.50  2.20 
12     2    4    70 5.7 57.57 33.94  8.49 57.44 242.16 0.950 0.0809 11.74  4.59 
13     2    5   152 5.6 54.54 36.26  9.20 37.15 259.64 0.771 0.0799  9.65  7.92 
14     2    6    27 5.2 56.66 34.79  8.54 27.11 256.69 0.777 0.0733 10.60  4.65 
15     2    7   118 5.4 55.22 35.49  9.29 43.74 240.98 0.741 0.0736 10.07  7.60 
16     2    8   384 5.2 57.86 33.69  8.45 52.07 265.65 0.999 0.0923 10.82  7.92 
17     3    1   109 5.4 57.23 33.03  9.74 30.64 232.91 0.798 0.0756 10.56  7.47 
18     3    2    69 5.5 56.27 33.77  9.96 38.42 262.70 0.834 0.0807 10.33  7.25 
19     3    3    61 5.7 47.08 41.72 11.20 54.33 238.86 0.853 0.0814 10.48  9.41 
20     3    4    54 5.8 47.05 41.88 11.06 61.20 282.39 0.825 0.0735 11.22  4.32 
21     3    5    58 5.8 59.24 31.23  9.53 47.06 267.59 0.983 0.0872 11.27  6.56 
22     3    6   111 5.3 48.54 40.98  7.70 40.38 197.78 0.670 0.0651 10.29  5.91 
23     3    7   139 5.3 57.11 34.32  8.58 33.45 234.31 0.828 0.0797 10.39  8.57 
24     3    8   207 5.1 63.16 27.66  9.18 45.12 183.67 0.969 0.0893 10.85  6.03 
25     4    1   134 5.3 66.61 25.86  7.53 28.25 241.83 0.690 0.0600 11.20  3.66 
26     4    2   102 5.5 44.78 41.78 10.88 37.09 246.40 0.839 0.0784 10.70  7.03 
27     4    3    74 5.6 46.22 44.00  9.78 36.29 154.67 0.822 0.0731 11.24  5.73 
28     4    4    91 5.7 47.19 41.51 11.31 42.95 163.87 0.838 0.0732 11.45  4.06 
29     4    5    49 5.8 49.72 40.26  9.99 52.47 284.40 0.713 0.0667 10.69  7.75 
30     4    6    67 5.3 55.52 35.64  8.83 42.76 243.79 0.770 0.0758 10.16  8.34 
31     4    7    76 5.4 61.11 30.47  8.43 31.03 267.67 0.690 0.0690 10.00  6.08 
32     4    8   157 5.4 60.02 29.12 10.86 52.31 326.71 0.948 0.0874 10.85  7.07 
> attach(kaefersumme) 
> fsorte<‐factor(Sorte) 
> levels(fsorte)<‐c(ʺDK315ʺ,ʺBeniciaʺ,ʺMON88017ʺ,ʺDKC5143ʺ) 
> fsorte 
 [1] DK315    DK315    DK315    DK315    DK315    DK315    DK315    DK315    
 [9] Benicia  Benicia  Benicia  Benicia  Benicia  Benicia  Benicia  Benicia  
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[17]  MON88017  MON88017  MON88017  MON88017  MON88017  MON88017 
MON88017 MON88017 
[25]  DKC5143    DKC5143    DKC5143    DKC5143    DKC5143    DKC5143    DKC5143  
DKC5143  
Levels: DK315 Benicia MON88017 DKC5143 
> plot(fsorte,Summe) 
>  
> pairs(kaefersumme)  
>  
> names(kaefersumme) 
 [1] ʺSorteʺ ʺPlotʺ  ʺSummeʺ ʺpH0ʺ   ʺsan0ʺ  ʺschl0ʺ ʺton0ʺ  ʺKAK0ʺ  ʺKton0ʺ 
[10] ʺC0ʺ    ʺN0ʺ    ʺCN0ʺ   ʺNmin0ʺ 
>  model1<‐
glm(Summe~pH0+san0+schl0+ton0+KAK0+Kton0+C0+N0+CN0+Nmin0+fsorte,family=
quasipoisson) 
> summary(model1) 
 
Call: 
glm(formula = Summe ~ pH0 + san0 + schl0 + ton0 + KAK0 + Kton0 +  
    C0 + N0 + CN0 + Nmin0 + fsorte, family = quasipoisson) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
‐8.90149  ‐2.45945  ‐0.07253   2.04031   7.76748   
 
Coefficients: 
                 Estimate Std. Error t value Pr(>|t|)   
(Intercept)     3.795e+01  2.967e+01   1.279   0.2171   
pH0            ‐1.091e+00  8.693e‐01  ‐1.255   0.2254   
san0           ‐1.836e‐01  1.969e‐01  ‐0.933   0.3633   
schl0          ‐2.273e‐01  2.267e‐01  ‐1.002   0.3294   
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ton0           ‐1.473e‐01  2.195e‐01  ‐0.671   0.5108   
KAK0            7.452e‐03  1.696e‐02   0.439   0.6657   
Kton0          ‐1.432e‐03  2.617e‐03  ‐0.547   0.5908   
C0              1.131e+01  3.454e+01   0.328   0.7470   
N0             ‐1.104e+02  3.681e+02  ‐0.300   0.7678   
CN0            ‐8.606e‐01  2.658e+00  ‐0.324   0.7499   
Nmin0           1.412e‐01  8.990e‐02   1.571   0.1336   
fsorteBenicia  ‐1.440e‐01  2.948e‐01  ‐0.488   0.6311   
fsorteMON88017 ‐5.584e‐01  2.928e‐01  ‐1.907   0.0726 . 
fsorteDKC5143  ‐4.017e‐01  2.868e‐01  ‐1.400   0.1784   
‐‐‐ 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
 
(Dispersion parameter for quasipoisson family taken to be 30.30387) 
 
    Null deviance: 1196.1  on 31  degrees of freedom 
Residual deviance:  564.4  on 18  degrees of freedom 
AIC: NA 
 
Number of Fisher Scoring iterations: 5 
>  model1<‐
glm(Summe~pH0+san0+schl0+ton0+KAK0+Kton0+C0+N0+CN0+Nmin0+fsorte,family=
poisson) 
> step(model1) 
Start:  AIC=797.89 
Summe ~ pH0 + san0 + schl0 + ton0 + KAK0 + Kton0 + C0 + N0 +  
    CN0 + Nmin0 + fsorte 
 
         Df Deviance    AIC 
<none>        564.39 797.89 
‐ N0      1   567.13 798.62 
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‐ CN0     1   567.59 799.09 
‐ C0      1   567.66 799.15 
‐ KAK0    1   570.24 801.73 
‐ Kton0   1   573.59 805.08 
‐ ton0    1   577.90 809.39 
‐ san0    1   589.89 821.38 
‐ schl0   1   594.16 825.65 
‐ pH0     1   613.59 845.08 
‐ Nmin0   1   645.44 876.94 
‐ fsorte  3   691.40 918.90 
 
Call:  glm(formula = Summe ~ pH0 + san0 + schl0 + ton0 + KAK0 + Kton0 +  C0 + N0 + 
CN0 + Nmin0 + fsorte, family = poisson)  
 
Coefficients: 
   (Intercept)             pH0            san0           schl0            ton0   
     3.795e+01      ‐1.091e+00      ‐1.836e‐01      ‐2.273e‐01      ‐1.473e‐01   
          KAK0           Kton0              C0              N0             CN0   
     7.452e‐03      ‐1.432e‐03       1.131e+01      ‐1.104e+02      ‐8.606e‐01   
         Nmin0   fsorteBenicia  fsorteMON88017   fsorteDKC5143   
     1.412e‐01      ‐1.440e‐01      ‐5.584e‐01      ‐4.017e‐01   
 
Degrees of Freedom: 31 Total (i.e. Null);  18 Residual 
Null Deviance:      1196  
Residual Deviance: 564.4        AIC: 797.9  
> modelr<‐step(model1) 
Start:  AIC=797.89 
Summe ~ pH0 + san0 + schl0 + ton0 + KAK0 + Kton0 + C0 + N0 +  
    CN0 + Nmin0 + fsorte 
 
         Df Deviance    AIC 
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<none>        564.39 797.89 
‐ N0      1   567.13 798.62 
‐ CN0     1   567.59 799.09 
‐ C0      1   567.66 799.15 
‐ KAK0    1   570.24 801.73 
‐ Kton0   1   573.59 805.08 
‐ ton0    1   577.90 809.39 
‐ san0    1   589.89 821.38 
‐ schl0   1   594.16 825.65 
‐ pH0     1   613.59 845.08 
‐ Nmin0   1   645.44 876.94 
‐ fsorte  3   691.40 918.90 
> modelr2<‐update(modelr, family=quasipoisson) 
> anova (modelr2) 
Analysis of Deviance Table 
Model: quasipoisson, link: log 
Response: Summe 
Terms added sequentially (first to last) 
       Df Deviance Resid. Df Resid. Dev 
NULL                      31    1196.12 
pH0     1   326.11        30     870.01 
san0    1     2.61        29     867.40 
schl0   1    21.47        28     845.93 
ton0    1     1.37        27     844.55 
KAK0    1    54.91        26     789.64 
Kton0   1     9.63        25     780.01 
C0      1     1.75        24     778.27 
N0      1    32.41        23     745.85 
CN0     1    19.12        22     726.74 
Nmin0   1    35.33        21     691.40 
fsorte  3   127.01        18     564.39 
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> modelr3<‐update (modelr2, Summe ~ton0 + KAK0 + Kton0 + C0 + CN0 + fsorte) 
> anova(modelr3, test=ʺFʺ) 
Analysis of Deviance Table 
Model: quasipoisson, link: log 
Response: Summe 
Terms added sequentially (first to last) 
         Df   Deviance Resid. Df Resid.   Dev      F  Pr(>F)   
NULL                        31    1196.12                  
ton0    1      76.71      30    1119.41   2.1195 0.15895   
KAK0    1      42.38      29    1077.03   1.1710 0.29041   
Kton0   1       6.12        28    1070.91   0.1691 0.68471   
C0      1      43.37       27    1027.54  1.1985 0.28496   
CN0     1   121.94        26     905.60 3.3692 0.07939 . 
fsorte  3    80.75        23     824.85 0.7437 0.53697   
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
> anova(modelr4, test=ʺFʺ) 
Analysis of Deviance Table 
Model: quasipoisson, link: log 
Response: Summe 
Terms added sequentially (first to last) 
       Df Deviance Resid. Df Resid. Dev      F Pr(>F) 
NULL                      31    1196.12               
KAK0    1     7.32        30    1188.80 0.1727 0.6814 
Kton0   1    15.24        29    1173.55 0.3594 0.5545 
C0      1    43.00        28    1130.55 1.0140 0.3240 
CN0     1    62.52        27    1068.03 1.4744 0.2365 
fsorte  3   103.49        24     964.54 0.8134 0.4990 
> summary (modelr4) 
Call: 
glm(formula = Summe ~ KAK0 + Kton0 + C0 + CN0 + fsorte, family = quasipoisson) 
Deviance Residuals:  
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    Min       1Q   Median       3Q      Max   
‐12.307   ‐3.621   ‐1.396    2.814   14.655   
Coefficients: 
                Estimate Std. Error t value Pr(>|t|)    
(Intercept)     7.466843   2.636485   2.832  0.00921 ** 
KAK0            0.004247   0.014822   0.287  0.77690    
Kton0          ‐0.003126   0.002080  ‐1.503  0.14591    
C0              1.885185   1.416774   1.331  0.19582    
CN0            ‐0.324644   0.272212  ‐1.193  0.24468    
fsorteBenicia  ‐0.131595   0.294250  ‐0.447  0.65872    
fsorteMON88017 ‐0.438384   0.316600  ‐1.385  0.17890    
fsorteDKC5143  ‐0.344967   0.317915  ‐1.085  0.28866    
‐‐‐ 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for quasipoisson family taken to be 42.40656) 
    Null deviance: 1196.12  on 31  degrees of freedom 
Residual deviance:  964.54  on 24  degrees of freedom 
AIC: NA 
Number of Fisher Scoring iterations: 5 
> library (multcomp) 
Lade nötiges Paket: mvtnorm 
> comps<‐glht(modelr4, mcp(fsorte=ʺTukeyʺ)) 
> CIs<‐confint(comps, level=0.9, calpha=univariate_calpha()) 
> CIs 
         Simultaneous Confidence Intervals for General Linear Hypotheses 
Multiple Comparisons of Means: Tukey Contrasts 
Fit: glm(formula = Summe ~ KAK0 + Kton0 + C0 + CN0 + fsorte, family = quasipoisson) 
Estimated Quantile = 1.6448 
Linear Hypotheses: 
                            Estimate lwr      upr      
Benicia ‐ DK315 == 0      ‐0.13160 ‐0.61559  0.35240 
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MON88017 ‐ DK315 == 0   ‐0.43838 ‐0.95914  0.08237 
DKC5143 ‐ DK315 == 0      ‐0.34497 ‐0.86789  0.17795 
MON88017 ‐ Benicia == 0   ‐0.30679 ‐0.81685  0.20327 
DKC5143 ‐ Benicia == 0    ‐0.21337 ‐0.75701  0.33026 
DKC5143 ‐ MON88017 == 0  0.09342 ‐0.47654  0.66337 
90% confidence level 
> round(exp(CIs$confint),2) 
                         Estimate   lwr  upr 
Benicia ‐ DK315            0.88     0.54 1.42 
MON88017 ‐ DK315         0.65     0.38 1.09 
DKC5143 ‐ DK315          0.71     0.42 1.19 
MON88017 ‐ Benicia       0.74     0.44 1.23 
DKC5143 ‐ Benicia        0.81     0.47 1.39 
DKC5143 ‐ MON88017       1.10     0.62 1.94 
attr(,ʺconf.levelʺ) 
[1] 0.9 
attr(,ʺcalphaʺ) 
[1] 1.644841 
attr(,ʺerrorʺ) 
[1] 6.103516e‐05 
> 
Tab. 11-1: Species list of carabid beetles collected in DKC 5143 and MON 88017 in 2005. 
Shown are the total activity abundance (sum), the mean activity abundance (mean), Standard 
Deviation (St Dev) and Standard Error (St Error) 
 DKC 5143    M0N 88017    
Species Sum Mean St Dev St Error Sum Mean St Dev St Error
Agonum moestum 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Agonum muelleri 2 0.25 0.46 0.16 0 0.00 0.00 0.00 
Amara familiaris 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Amara municipal 0 0 0 0 0 0 0 0 
Amara ovata 2 0.25 0.46 0.16 0 0.00 0.00 0.00 
Amara similata 0 0.00 0.00 0.00 1 0.13 0.35 0.13 
Bembidion lampros 25 3.13 4.29 1.52 50 6.25 3.54 1.25 
Bembidion obtusum 1 0.13 0.35 0.13 1 0.13 0.35 0.13 
Bembidion quadrimaculatum 6 0.75 0.89 0.31 14 1.75 2.43 0.86 
Calathus ambiguus 56 7.00 4.31 1.52 64 8.00 6.21 2.20 
Calathus erratus 1 0.13 0.35 0.13 1 0.13 0.35 0.13 
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Calathus fuscipes 357 44.63 23.11 8.17 410 51.25 37.99 13.43 
Calathus melanocephalus 29 3.63 7.50 2.65 16 2.00 2.83 1.00 
Carabus coriaceus 1 0.13 0.35 0.13 1 0.13 0.35 0.13 
Harpalus aeneus 12 1.50 1.77 0.63 7 0.88 1.13 0.40 
Harpalus hornestus 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Harpalus seripes 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Harpalus smaragdinus 1 0.13 0.35 0.13 1 0.13 0.35 0.13 
Loricera pilicornis 3 0.38 0.74 0.26 4 0.50 0.76 0.27 
Masoreus wetterhalli 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Microlestes minutulus 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Nebria brevicollis 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Ophonus (Metophonus) rufibarbis  0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Platynus dorsalis 31 3.88 2.17 0.77 30 3.75 1.58 0.56 
Platynus obscurus 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Poecilus cupreus 8 1.00 1.31 0.46 7 0.88 0.83 0.30 
Pseudophonus rufipes 125 15.63 12.29 4.35 111 13.88 13.24 4.68 
Pterostichus macer 1 0.13 0.35 0.13 2 0.25 0.46 0.16 
Pterostichus melanarius 64 8.00 8.42 2.98 67 8.38 6.86 2.43 
Pterostichus melas 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Syntomus foveatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Trechus quadristriatus 20 2.50 3.96 1.40 21 2.63 2.00 0.71 
Zabrus tenebrioides 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
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Tab. 11-2: Species list of carabid beetles collected in Benicia and DK 315 in 2005. Shown are 
the total activity abundance (sum), the mean activity abundance (mean), Standard Deviation (St 
Dev) and Standard Error (St Error) 
 
Benicia    DK 315    
Species Sum Mean St Dev St Error Sum Mean St Dev St Error 
Agonum moestum 2 0.25 0.46 0.16 0 0.00 0.00 0.00 
Agonum muelleri 0 0.13 0.35 0.13 0 0.00 0.00 0.00 
Amara familiaris 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Amara municipal 1 0.13 0.35 0.13 0 0 0 0 
Amara ovata 1 0.13 0.35 0.13 1 0.13 0.35 0.13 
Amara similata 1 0.13 0.35 0.13 2 0.25 0.71 0.25 
Bembidion lampros 29 3.63 3.16 1.12 42 5.25 4.06 1.44 
Bembidion obtusum 0 0.00 0.00 0.00 3 0.38 0.74 0.26 
Bembidion quadrimaculatum 6 0.75 0.89 0.31 24 3.00 2.33 0.82 
Calathus ambiguus 121 15.13 18.24 6.45 98 12.25 19.61 6.93 
Calathus erratus 1 0.13 0.35 0.13 4 0.50 0.53 0.19 
Calathus fuscipes 586 73.25 82.54 29.18 588 73.50 53.55 18.93 
Calathus melanocephalus 21 2.63 3.29 1.16 38 4.75 4.89 1.73 
Carabus coriaceus 1 0.13 0.35 0.13 1 0.13 0.35 0.13 
Harpalus aeneus 7 0.88 1.13 0.40 11 1.38 1.41 0.50 
Harpalus hornestus 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Harpalus seripes 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Harpalus smaragdinus 4 0.50 1.41 0.50 1 0.13 0.35 0.13 
Loricera pilicornis 11 1.38 2.56 0.91 4 0.50 0.76 0.27 
Masoreus wetterhalli 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Microlestes minutulus 5 0.63 1.77 0.63 0 0.00 0.00 0.00 
Nebria brevicollis 1 0.13 0.35 0.13 1 0.13 0.35 0.13 
Ophonus (Metophonus) rufibarbis  1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Platynus dorsalis 10 1.25 1.04 0.37 42 5.25 5.23 1.85 
Platynus obscurus 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Poecilus cupreus 10 1.25 1.58 0.56 13 1.63 1.30 0.46 
Pseudophonus rufipes 112 14.00 16.47 5.82 73 9.13 7.79 2.75 
Pterostichus macer 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
Pterostichus melanarius 81 10.13 11.33 4.01 102 12.75 7.94 2.81 
Pterostichus melas 1 0.13 0.35 0.13 0 0.00 0.00 0.00 
Syntomus foveatus 0 0.00 0.00 0.00 1 0.13 0.35 0.13 
Trechus quadristriatus 14 1.75 1.28 0.45 24 3.00 1.93 0.68 
Zabrus tenebrioides 0 0.00 0.00 0.00 0 0.00 0.00 0.00 
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Tab. 11-3: Species list of carabid beetles collected in DKC 5143 and MON 88017 in 2006. 
Shown are the total activity abundance (sum), the mean activity abundance (mean), Standard 
Deviation (St Dev) and Standard Error (St Error) 
  DKC 5143    MON 88017      
Species  Sum Mean St Dev St Error Sum Mean St Dev St Error
Acupalpus meridianus 2 0.25 0.46 0.16 2 0.25 0.46 0.16
Agonum muelleri 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Amara aenea 12 1.50 3.12 1.10 6 0.75 1.39 0.49
Amara familiaris 0 0.00 0.00 0.00 4 0.50 1.07 0.38
Amara ovata 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Amara similata 4 0.50 0.76 0.27 3 0.38 0.74 0.26
Badister bipustulatus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Badister meridionalis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion femoratum 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion guttula 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion lampros 51 6.38 3.38 1.19 42 5.25 2.12 0.75
Bembidion obtusum 5 0.63 0.74 0.26 11 1.38 2.33 0.82
Bembidion quadrimaculatum 52 6.50 3.25 1.15 44 5.50 2.83 1.00
Brachinus crepitans 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Brachinus explodens 6 0.75 0.89 0.31 2 0.25 0.46 0.16
Bradycellus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Calathus ambiguus 316 39.50 22.33 7.89 455 56.88 34.54 12.21
Calathus erratus 3 0.38 0.52 0.18 2 0.25 0.46 0.16
Calathus fuscipes 878 109.75 69.77 24.67 1112 139.00 92.15 32.58
Calathus melanocephalus 13 1.63 1.06 0.38 13 1.63 1.41 0.50
Carabus coriaceus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Harpalus aeneus 64 8.00 3.63 1.28 65 8.13 3.31 1.17
Harpalus anxius 2 0.25 0.71 0.25 0 0.00 0.00 0.00
Harpalus distinguendes 38 4.75 4.33 1.53 39 4.88 3.09 1.09
Harpalus frölichi 1 0.13 0.35 0.13 2 0.25 0.46 0.16
Harpalus honestus 1 0.13 0.35 0.13 2 0.25 0.46 0.16
Harpalus melancholicus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Harpalus rubripes 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus rufitarsis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus seripes 6 0.75 0.71 0.25 5 0.63 0.74 0.26
Harpalus smaragdinus 2 0.25 0.46 0.16 1 0.13 0.35 0.13
Loricera pilicornis 1 0.13 0.35 0.13 3 0.38 0.74 0.26
Metophonus punctatulus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Metophonus puncticeps 0 0.00 0.00 0.00 2 0.25 0.71 0.25
Metophonus rupicola 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus zigzag 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Microlestes minutulus 3 0.38 0.52 0.18 5 0.63 1.06 0.38
Nebria brevicollis 0 0.00 0.00 0.00 2 0.25 0.46 0.16
Notiophilus biguttatus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Notiophilus pusillus 3 0.38 1.06 0.38 1 0.13 0.35 0.13
Olistophus rotundatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Oodes gracilis 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Oodes helopioides 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Ophonus diffinis 3 0.38 0.74 0.26 1 0.13 0.35 0.13
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Panagaeus bipustulatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Platynus dorsalis 155 19.38 25.71 9.09 122 15.25 9.92 3.51
Platynus obscurus 0 0.00 0.00 0.00 2 0.25 0.71 0.25
Poecilus cupreus 32 4.00 4.14 1.46 49 6.13 4.32 1.53
Poecilus lepidus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Poecilus versicolor 2 0.25 0.71 0.25 1 0.13 0.35 0.13
Pseudoophonus rufipes 114 14.25 12.21 4.32 117 14.63 13.33 4.71
Pterositchus macer 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Pterostichus longicollis 7 0.88 1.46 0.52 5 0.63 1.06 0.38
Pterostichus melanarius 50 6.25 6.84 2.42 63 7.88 7.36 2.60
Pterostichus melas 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Semiophonus signaticornis 6 0.75 1.39 0.49 1 0.13 0.35 0.13
Stomis pumicatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Syntomus foveatus 8 1.00 0.76 0.27 4 0.50 1.07 0.38
Syntomus obscuroguttatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Syntomus truncatellus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Synuchus vivalis 1 0.13 0.35 0.13 2 0.25 0.71 0.25
Trechus quadristriatus 5 0.63 0.74 0.26 19 2.38 2.33 0.82
Zabrus tenebrioides 1 0.13 0.35 0.13 0 0.00 0.00 0.00
 
Tab. 11-4: Species list of carabid beetles collected in Benicia and DK 315 in 2006. Shown are 
the total activity abundance (sum), the mean activity abundance (mean), Standard Deviation (St 
Dev) and Standard Error (St Error)  
 
Benicia       DK 315       
Species Sum Mean St Dev St Error Sum Mean St Dev St Error
Acupalpus meridianus 1 0.13 0.35 0.13 1 0.13 0.35 0.13
Agonum muelleri 3 0.38 0.74 0.26 0 0.00 0.00 0.00
Amara aenea 13 1.63 2.20 0.78 6 0.75 0.46 0.16
Amara familiaris 0 0.00 0.00 0.00 3 0.38 0.52 0.18
Amara ovata 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Amara similata 2 0.25 0.46 0.16 0 0.00 0.00 0.00
Badister bipustulatus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Badister meridionalis 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Bembidion femoratum 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Bembidion guttula 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Bembidion lampros 67 8.38 4.84 1.71 51 6.38 4.03 1.43
Bembidion obtusum 10 1.25 1.91 0.67 12 1.50 1.20 0.42
Bembidion quadrimaculatum 84 10.50 8.70 3.08 70 8.75 7.55 2.67
Brachinus crepitans 2 0.25 0.46 0.16 0 0.00 0.00 0.00
Brachinus explodens 7 0.88 0.83 0.30 4 0.50 0.76 0.27
Bradycellus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Calathus ambiguus 535 66.88 54.25 19.18 426 53.25 27.49 9.72
Calathus erratus 4 0.50 1.07 0.38 5 0.63 0.74 0.26
Calathus fuscipes 949 118.63 102.54 36.25 945 118.13 42.53 15.04
Calathus melanocephalus 17 2.13 2.70 0.95 23 2.88 2.17 0.77
Carabus coriaceus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Harpalus aeneus 57 7.13 5.14 1.82 47 5.88 3.18 1.13
Harpalus anxius 3 0.38 0.74 0.26 3 0.38 0.74 0.26
Harpalus distinguendes 49 6.13 3.98 1.41 44 5.50 3.78 1.34
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Harpalus frölichi 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Harpalus honestus 2 0.25 0.71 0.25 3 0.38 0.74 0.26
Harpalus melancholicus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus rubripes 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Harpalus rufitarsis 0 0.00 0.00 0.00 2 0.25 0.46 0.16
Harpalus seripes 4 0.50 0.76 0.27 6 0.75 0.71 0.25
Harpalus smaragdinus 3 0.38 1.06 0.38 0 0.00 0.00 0.00
Loricera pilicornis 1 0.13 0.35 0.13 1 0.13 0.35 0.13
Metophonus punctatulus 0 0.00 0.00 0.00 3 0.38 1.06 0.38
Metophonus puncticeps 1 0.13 0.35 0.13 1 0.13 0.35 0.13
Metophonus rupicola 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Metophonus zigzag 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Microlestes minutulus 3 0.38 0.52 0.18 11 1.38 1.06 0.38
Nebria brevicollis 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Notiophilus biguttatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Notiophilus pusillus 1 0.13 0.35 0.13 3 0.38 0.74 0.26
Olistophus rotundatus 1 0.13 0.35 0.13 2 0.25 0.71 0.25
Oodes gracilis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Oodes helopioides 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Ophonus diffinis 1 0.13 0.35 0.13 3 0.38 0.52 0.18
Panagaeus bipustulatus 0 0.00 0.00 0.00 3 0.38 1.06 0.38
Platynus dorsalis 87 10.88 9.05 3.20 81 10.13 8.20 2.90
Platynus obscurus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Poecilus cupreus 170 21.25 42.23 14.93 258 32.25 51.91 18.35
Poecilus lepidus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Poecilus versicolor 3 0.38 0.52 0.18 2 0.25 0.46 0.16
Pseudoophonus rufipes 98 12.25 12.79 4.52 74 9.25 7.32 2.59
Pterositchus macer 0 0.00 0.00 0.00 3 0.38 0.52 0.18
Pterostichus longicollis 10 1.25 1.75 0.62 10 1.25 2.76 0.98
Pterostichus melanarius 52 6.50 10.31 3.64 84 10.50 12.47 4.41
Pterostichus melas 2 0.25 0.46 0.16 0 0.00 0.00 0.00
Semiophonus signaticornis 2 0.25 0.46 0.16 3 0.38 0.52 0.18
Stomis pumicatus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Syntomus foveatus 8 1.00 0.76 0.27 3 0.38 1.06 0.38
Syntomus obscuroguttatus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Syntomus truncatellus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Synuchus vivalis 2 0.25 0.71 0.25 2 0.25 0.46 0.16
Trechus quadristriatus 12 1.50 1.69 0.60 28 3.50 3.85 1.36
Zabrus tenebrioides 2 0.25 0.71 0.25 0 0 0 0
 
 
Tab. 11-5: Species list of carabid beetles collected in DKC 5143 and MON 88017 in 2007. 
Shown are the total activity abundance (sum), the mean activity abundance (mean), Standard 
Deviation (St Dev) and Standard Error (St Error) 
 DKC 5143    MON 88017    
Species Sum Mean St Dev St Error Sum Mean St Dev St Error 
Acupalpus meridianus 3 0.38 0.52 0.18 2 0.25 0.46 0.16
Agonum moestum 0 0.00 0.00 0.00 0 0.00 0.00 0.00
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Agonum muelleri 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Amara aenea 37 4.63 6.63 2.34 41 5.13 6.64 2.35
Amara familiaris 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Amara lucida 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Amara lunicollis 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Amara ovata 13 1.63 3.02 1.07 9 1.13 0.99 0.35
Amara similata 48 6.00 6.59 2.33 36 4.50 4.50 1.59
Anchomenus dorsalis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Badister bullatus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Badister meridionalis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion femoratum 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion guttula 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion lampros 4 0.50 0.76 0.27 9 1.13 1.55 0.55
Bembidion obtusum 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion quadrimaculatum 4 0.50 0.76 0.27 1 0.13 0.35 0.13
Brachinus crepitans 16 2.00 4.50 1.59 10 1.25 2.19 0.77
Brachinus explodens 18 2.25 2.55 0.90 39 4.88 9.33 3.30
Bradycellus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Calathus ambiguus 33 4.13 4.32 1.53 29 3.63 4.90 1.73
Calathus erratus 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Calathus fuscipes 199 24.88 30.57 10.81 231 28.88 36.28 12.83
Calathus melanocephalus 5 0.63 1.41 0.50 0 0.00 0.00 0.00
Carabus coriaceus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Cicindela silvicola 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Europhilus micans 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus aeneus 31 3.88 2.47 0.88 30 3.75 1.28 0.45
Harpalus anxius 2 0.25 0.46 0.16 1 0.13 0.35 0.13
Harpalus distinguendus 249 31.13 17.71 6.26 251 31.38 18.95 6.70
Harpalus flavicornis 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Harpalus frölichi 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus honestus 1 0.13 0.35 0.13 1 0.13 0.35 0.13
Harpalus melancholicus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus rubripes 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus rufitarsis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus serripes 4 0.50 0.53 0.19 3 0.38 0.52 0.18
Harpalus smaragdinus 2 0.25 0.46 0.16 3 0.38 0.74 0.26
Harpalus tardus 0 0.00 0.00 0.00 7 0.88 1.81 0.64
Harpalus vernalis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Loricera pilicornis 5 0.63 0.74 0.26 5 0.63 0.74 0.26
Masoreus wetterhalli 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus punctatulus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus puncticeps 3 0.38 1.06 0.38 4 0.50 0.76 0.27
Metophonus rufibarbis  0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus rupicola 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus zigzag 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Microlestes minutulus 9 1.13 1.73 0.61 17 2.13 1.55 0.55
Nebria brevicollis 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Notiophilus aquaticus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Notiophilus biguttatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
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Notiophilus pusillus 0 0.00 0.00 0.00 3 0.38 0.74 0.26
Olistophus rotundatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Oodes gracilis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Oodes helopioides 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Ophonus diffinis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Panagaeus bipustulatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Pedius longicollis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Platynus dorsalis 193 24.13 7.64 2.70 161 20.13 15.59 5.51
Platynus obscurus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Poecilus cupreus 8 1.00 0.93 0.33 4 0.50 0.53 0.19
Poecilus lepidus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Poecilus versicolor 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Pseudoophonus rufipes 11 1.38 1.30 0.46 8 1.00 1.20 0.42
Pterositchus macer 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Pterostichus longicollis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Pterostichus melanarius 14 1.75 1.49 0.53 22 2.75 1.58 0.56
Pterostichus melas 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Semiophonus signaticornis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Stomis pumicatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Syntomus foveatus 4 0.50 0.76 0.27 4 0.50 0.76 0.27
Syntomus obscuroguttatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Syntomus truncatellus 2 0.25 0.46 0.16 0 0.00 0.00 0.00
Synuchus vivalis 1 0.13 0.35 0.13 3 0.38 0.74 0.26
Trechus quadristriatus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
 
Tab. 11-6: Species list of carabid beetles collected in Benicia and DK 315 in 2007. Shown are 
the total activity abundance (sum), the mean activity abundance (mean), Standard Deviation (St 
Dev) and Standard Error (St Error) 
 Benicia DK 315  
Species Sum Mean St Dev St Error Sum Mean St Dev St Error
Acupalpus meridianus 1 0.13 0.35 0.13 1 0.13 0.35 0.13
Agonum moestum 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Agonum muelleri 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Amara aenea 54 6.75 6.54 2.31 45 5.63 6.37 2.25
Amara familiaris 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Amara lucida 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Amara lunicollis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Amara ovata 12 1.50 1.85 0.65 7 0.88 0.99 0.35
Amara similata 51 6.38 8.28 2.93 33 4.13 4.19 1.48
Anchomenus dorsalis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Badister bullatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Badister meridionalis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion femoratum 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion guttula 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion lampros 11 1.38 1.85 0.65 7 0.88 1.81 0.64
Bembidion obtusum 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Bembidion quadrimaculatum 15 1.88 2.42 0.85 4 0.50 0.76 0.27
Brachinus crepitans 20 2.50 3.63 1.28 10 1.25 1.58 0.56
Brachinus explodens 38 4.75 4.95 1.75 45 5.63 10.80 3.82
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Bradycellus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Calathus ambiguus 51 6.38 3.29 1.16 29 3.63 2.67 0.94
Calathus erratus 4 0.50 1.41 0.50 1 0.13 0.35 0.13
Calathus fuscipes 244 30.50 16.11 5.69 188 23.50 17.10 6.04
Calathus melanocephalus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Carabus coriaceus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Cicindela silvicola 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Europhilus micans 1 0.13 0.35 0.13 0 0.00 0.00 0.00
Harpalus aeneus 40 5.00 4.04 1.43 38 4.75 2.66 0.94
Harpalus anxius 2 0.25 0.46 0.16 1 0.13 0.35 0.13
Harpalus distinguendus 241 30.13 17.34 6.13 209 26.13 17.70 6.26
Harpalus flavicornis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus frölichi 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus honestus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Harpalus melancholicus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus rubripes 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus rufitarsis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Harpalus serripes 6 0.75 0.89 0.31 1 0.13 0.35 0.13
Harpalus smaragdinus 6 0.75 1.39 0.49 5 0.63 0.74 0.26
Harpalus tardus 3 0.38 0.74 0.26 0 0.00 0.00 0.00
Harpalus vernalis 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Loricera pilicornis 4 0.50 1.07 0.38 5 0.63 0.92 0.32
Masoreus wetterhalli 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus punctatulus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus puncticeps 5 0.63 1.41 0.50 3 0.38 0.74 0.26
Metophonus rufibarbis  0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus rupicola 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Metophonus zigzag 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Microlestes minutulus 12 1.50 2.14 0.76 15 1.88 2.03 0.72
Nebria brevicollis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Notiophilus aquaticus 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Notiophilus biguttatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Notiophilus pusillus 1 0.13 0.35 0.13 1 0.13 0.35 0.13
Olistophus rotundatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Oodes gracilis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Oodes helopioides 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Ophonus diffinis 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Panagaeus bipustulatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Pedius longicollis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Platynus dorsalis 162 20.25 15.84 5.60 122 15.25 8.53 3.02
Platynus obscurus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Poecilus cupreus 15 1.88 3.36 1.19 18 2.25 3.11 1.10
Poecilus lepidus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Poecilus versicolor 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Pseudoophonus rufipes 16 2.00 1.69 0.60 10 1.25 1.98 0.70
Pterositchus macer 0 0.00 0.00 0.00 1 0.13 0.35 0.13
Pterostichus longicollis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Pterostichus melanarius 9 1.13 1.55 0.55 13 1.63 1.60 0.56
Pterostichus melas 0 0.00 0.00 0.00 0 0.00 0.00 0.00
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Semiophonus signaticornis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Stomis pumicatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Syntomus foveatus 5 0.63 0.92 0.32 5 0.63 0.74 0.26
Syntomus obscuroguttatus 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Syntomus truncatellus 2 0.25 0.46 0.16 0 0.00 0.00 0.00
Synuchus vivalis 0 0.00 0.00 0.00 0 0.00 0.00 0.00
Trechus quadristriatus 1 0.13 0.35 0.13 1 0.13 0.35 0.13
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Chapter 4: 
Tab. 11-7: Cry3Bb1 content in ng/g  
Non-Bt before anthesis Species: 
2007 2.331 Pterostichus melanarius
 32.912 Calathus fuscipes 
 0.099 Pseudophonus rufipes 
 0.284 Pseudophonus rufipes 
 22.598 Pterostichus melanarius
Mean 11.64  
St Dev 13.5748778  
SE 6.78743888  
Non-Bt after anthesis  
1 1.5 Pterostichus melanarius
2006 1139 Calathus fuscipes 
2 3.5 Calathus fuscipes 
2006 4 Calathus fuscipes 
3 8.03 Calathus fuscipes 
2006 10.92 Calathus fuscipes 
  102.64 Calathus fuscipes 
  6.83 Pterostichus melanarius
  7.80 Calathus fuscipes 
  28.64 Calathus fuscipes 
  10.03 Pseudophonus rufipes 
  13.32 Pseudophonus rufipes 
  12.71 Calathus fuscipes 
  14.97 Pseudophonus rufipes 
  78.96 Calathus ambiguus 
  54.28 Calathus fuscipes 
  48.18 Calathus fuscipes 
  15.07 Calathus fuscipes 
  22.65 Calathus fuscipes 
  144.52 Calathus fuscipes 
  12.72 Pterostichus melanarius
  9.97 Pseudophonus rufipes 
  20.37 Pseudophonus rufipes 
  10.42 Pterostichus melanarius
  32.46 Pseudophonus rufipes 
  16.09 Pseudophonus rufipes 
  70.00 Calathus fuscipes 
  6.84 Pterostichus melanarius
  6.86 Pseudophonus rufipes 
  65.9746905  
St Dev 209.050119  
SE 38.8196326  
Bt before anthesis  
2005 0.929 Pseudophonus rufipes 
 0.71 Pseudophonus rufipes 
 0.34 Pterostichus melanarius
2007 0.115 Pseudophonus rufipes 
 9.917 Pseudophonus rufipes 
 8.182 Calathus fuscipes 
 19.09 Pterostichus melanarius
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Mean 5.61  
St Dev 6.66296261  
SE 2.72014309  
Bt after anthesis  
2005 0.77 Pseudophonus rufipes 
  1.13 Pseudophonus rufipes 
  1.18 Pseudophonus rufipes 
  0.57 Pseudophonus rufipes 
  0.36 Pterostichus melanarius
  10.90 Calathus fuscipes 
  20.29 Calathus fuscipes 
  50.23 Calathus fuscipes 
  0.44 Pseudophonus rufipes 
  0.64 Calathus fuscipes 
2006 7.72 Pterostichus melanarius
  77.70 Calathus fuscipes 
  2691.00 Calathus fuscipes 
  17.36 Calathus fuscipes 
  2433.00 Calathus fuscipes 
  8.81 Calathus fuscipes 
  13.36 Calathus fuscipes 
  302.00 Calathus fuscipes 
  14.70 Calathus fuscipes 
  316.00 Calathus fuscipes 
 5160.00 Calathus fuscipes 
  4.00 Pseudophonus rufipes 
  854.00 Calathus fuscipes 
  63.00 Calathus fuscipes 
  218.00 Calathus fuscipes 
  8.75 Pterostichus melanarius
 46.25 Calathus fuscipes 
  16.80 Calathus fuscipes 
  188.52 Calathus fuscipes 
  246.30 Calathus fuscipes 
  39.75 Calathus fuscipes 
  13.85 Calathus fuscipes 
  8.90 Calathus fuscipes 
  15.90 Calathus fuscipes 
  246.90 Calathus fuscipes 
 127.05 Calathus fuscipes 
  227.91 Calathus fuscipes 
  755.99 Calathus ambiguus 
  102.00 Calathus ambiguus 
  1351.00 Calathus ambiguus 
  60.21 Pseudophonus rufipes 
Mean 383.49  
St Dev 954.823736  
SE 150.970888  
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